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Title: Improvements in or relating to plant starch compositioii 
Field of die Invention 

This invention relates generally to plant starch compositions, and concerns novel 
nucleotide sequraices; polypeptides encoded thereby; vectors and host cells and host 
organisms comprising one or more of the novel sequences; a method of altering one or 
more characteristics of a plant; a plant having altered characteristics; starch obtained from 
such plants; and uses of the starch. 

Background to the Invention 

The majority of developments in cereal science in the recent past have concentrated 
primarily on the functionality of the gluten protein sub-units and their role in bakery 
systems. This has been greatly facilitated by the abundance of natural variation between 
cultivators for the gluten protein sub-unit components. 

In contrast, although flour from commercially grown wheat varieties contains 
approximately 75-85% starch, the role of starch from a breeding perspective has been 
overlooked; this is largely due to the difficulty of measurii^ differences in starch 
structure. Of the limited amount of work that has been carried out however, there appears 
to be a lack of natural variation between different wheat cultivars. With the advent of 
recombinant DKA and gene transfer technologies it is now possible to create new variation 
in pkmta, therefore directly modifying starch composition in wheat becomes a realistic 
target. 

Starch is the major form of carbon reserve in plants, constituting 50% or more of the dry 
weight of many storage organs, e.g. mbers, seeds of cereals. Starch is used in numerous 
food and industrial s^plications. In many cases, however, it is necessary to modify the 
native starches, via chemical or physical means, in order to produce distinct properties to 
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suit particular applications. It would be highly desirable to be able to produce starches 
with the required properties directly in the plant, thereby removing the need for additional 
modification. To achieve this via genetic engineering requires knowledge of the metabolic 
pathway of starch biosynthesis. This includes characterisation of genes and encoded gene 
products which catalyse the synthesis of starch. Knowledge about the regulation of starch 
biosynthesis raised the possibility of "re-prograimning" bios3aithetic pathways to create 
starches with novel properties that could have new commercial applications. 

The most significant property of starch derives from the ability of the native granular form 
to lose its order and to swell and absorb water vtpon suitable treatment, thereby conferring 
viscosity and texture, in a process known as gelatinisation. Gelatinisation has been defined 
(W A Atwell et al, 1988) as "... the collapse (disruption) of molecular orders within the 
starch granule manifested in irreversible chaises in properties such as granular swelling, 
native crystallite melting, loss of birefringence, and starch solubilisation. The point of 
initial gelatinisation and the range over which it occurs is governed by starch 
concentration, method of observation, granule type, and heterogeneities within the granule 
population under observation". 

14 molecules of water per molecule of anhydrous glucose, i.e. a minimnTn of 75% water, 
are necessary for full starch gelatinisation (Donovan, 1979). Starch gelatinisation is 
usually caused by heat, but can be caused by physical damage and some chaotropic agents, 
mainly dimethylsulphoxide (DMSO), lurea, calcium chloride, strong base and add. 

The various events taking place during gelatinisation can be followed by various methods, 
including birefringence. X-ray dif&action, di^erential scanning calorimetry (DSC), "C 
NMR, Swelling can be monitored by various methods, particularly rheolo^. 

Differential scanning calorimetry (DSC) is a destructive method which records an 
endothermic event on heating of granules, generally though to measure the ten:q)erature 
and the endothennic energy (delta H) required for the melting of the native crystallites. 
Starch gelatinisation teaq>erature is independent of water content above 75% water 
(described as excess water), but increases when water is limited (Donovan, 1979). 



The rate and extent of starch granule swelling upon heating dictate the type of viscosity 
development of aqueous starch suspensions on heating. Swelling behaviour is therefore 
of utmost technological importance. Viscosity increase on heating is conveniently 
measured by a Brabeoder amylograph (Kennedy and Cabalda, 1991). Figure 1 is a typical 
viscoamylgraph profile for wheat starch, produced in this way, showing changes in starch 
during and after cooking. As starch granules swell on uptake of water, in a process 
known as pasting, their phase volume increases, causing an increase in viscosity. The 
onset of pasting is indicated at A in Figure 1. Peak viscosity, indicated at B in Figure 1, 
is achieved when ma yimnm phase volume is reached. Shear will dien disrupt/cause 
fragmentation of the swollen granules, causing the viscosity to decrease. Complete 
dispersion is indicated at C in Figure 1. This has been confirmed by an oscillatory 
rheology study of starch pastes at various stages of the viscosity profile (Svegmark and 
Hermansson, 1990). The viscosity onset temperature and peak viscosity are indicative of 
the initiation and extent of swelling, respectively. On cooling, leached amylose foraas a 
network in a process involving reassociation of molecules, or retrogradation, causing an 
mcrease in viscosity as indicated at D in Figure 1. Retrogradation (or set-back) viscosity 
is therefore indicative of the amount of amylose leached out of the granules. 

The properties of wheat starch are useful in a large number of applications and also non- 
food (paper, textiles, adhesives etc.) applications. However, for many plications, 
properties are not optimum and various chemical and physical modifications well known 
in the art are imdertaten in order to improve useful properties. Two types of property 
manipulation which would be of use are: the controlled alteration of gelatinisation and 
pasting teioperatures; and starches which suffer less granular fragmentation during pasting 
than conventional starches. 

Currently the only ways of manipulating the gelatinisation and pasting temperatures of 
starch are by the inclusion of additives such as sugars, polyhydroxy con:q>ounds of salts 
or by extensive physical or chemical pre-treatments. The reduction of granule 
fragmentation during pasting can be achieved eidier by extensive physical pre-treatments 
or by chemical cross-linking. Such processes are inconvenient and inefficient. It is 
therefore desirable to obtain plants which produce s^rch which iutrinsically possesses such 



advantageous properties. 

Starch consists of two main glucose polysaccbarides: amylose and amylopectin. Amylose 
is a generally linear polymer comprising a-1,4 linked glucose units, while amylopectin is 
a highly branched polymer consisting of an a-1,4 linked glucan backbone with a-1,6 
linked glucan branches. In wheat endosperm amylopectin constitutes approximately 70% 
of the total starch content, wifli the balance being amylose. Amylopectin is synthesised 
through the concerted action of two enzymes, namely soluble starch synthase(s) (SSS) and 
starch branching enzyme(s) (SBE). The physical properties of starch are strongly affected 
by die relative abundance of amylose and amylopectin, Aerefore soluble starch synthases 
and starch branching enzymes play a key role in determining both starch quantity and 
quality. As such, one approach to manipulating starch structure would be to modify the 
expression of the enzymes involved in starch biosyndiesis in the endosperm using a 
transgenic approach. 

SBE catalyses the formation of the a-1,6 linkages, creating branch points in the growing 
starch molecule, via hydrolysis of an a-1,4 linkage followed by reattachment of the 
released a-l,4-glucan chain to the same or another glucosyl chain. This reaction also 
provides a new non-reducing end for further elongation of the original a-1 ,4-glucan chain. 

Mult^le isofbrms of starch branching enzyme have been described, biochemically, fix>m 
a number of species including maize (Boyer and Priess, 1978), rice (Nakamuia et al., 
1992), pea (Smith, 1988), potato (Khoshnoodi et al., 1993) and wheat (Morell et al., 
1997). More recently, genomic and cDNA sequences for SBE have been characterised 
from several species includmg maize (Baba et al., 1991; Fisher et al., 1993; Gao et al. 
1997) pea (Burton et al., 1995), potato (Kossmann et al., 1991), rice (Nakamura and 
Yamanouchi. 1992; Mizuno et al., 1993), Arabidopsis (Fisher et al., 1996), cassava 
(Salehuzzaman et al., 1992), and wheat (Rapellin et al., 1997, Nair ef a/., 1997, Rahman 
et al., 1997). Sequence alignment of these SBEs revealed a high degree of sequence 
conservation at the amino acid level and that the SBEs may be grouped into two distinct 
fiamilies, generally known as SBEI and SBEII. Further, analysis indicates that within a 
species there is generally of the order of 50% homology between the two fiamilies, SBEI 
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and SBEn, while there is greater homology within the two families between species. 

Maize is unusual in that ttie maize SBEII family comprises two different members, known 
as SBEIIa and SBEIIb. In maize, three isoforms of SBE have thus been characterised to 
date, SBEI, SBEIIa and SBEIIb (Baba et al., 1991; Boyer and Preiss, 1978; Fisher et al., 
1993; Gao et al., 1997). SBEI is distinct from SBEIIa and SBEIIb in amino acid 
composition, substrate specificity, kinetic properties, and immunological reactivities, 
whereas SBEIIa and SBEIIb are similar in these respects (Guan and Priess, 1993; Priess 
1991; Takeda et al., 1993). At the sequence level SBEI shows 48% similarity to SBEIIa 
and SBEIIb, whilst SBEIIa shows 75% similarity to SBEIIb. However, aldiough similar, 
SBEIIa and lib are encoded by independent genes (Gao et al, 1997). 

To date, maize is unique in having SBEIIa and SBEIIb enzymes. Although ^nz^/^/'i^ has 
two SBEn family members, the sub-division mArabidopis does not appear to conform to 
that seen in maize: the Arabidopis sub-family members do not obviously fall into the Ha 
and nb categories as do the maize sequences. Both of the Arabidopis SBEII genes have 
similar levels of homology to both the maize SBEH genes, SBEIIa and SBEIIb, but the 
similarities are not sufficient to be able to place the Arabidopis genes into tiie same SBEIIa 
and SBEIIb categories as for maize. Indeed, the data, if anything, suggests that the 
Arabidopis SBEH genes do not fall into the maize Ila and lib categories. For barley, two 
forms of SBEn have been partiy characterised. Although these have been called SBEIIa 
. and SBEIIb, only a very limited amoxmt of sequence information has been published (Sun 
et al, 1995) and it is not possible to infer or conclude that these forms correspond to the 
Ha and Hb categories of maize. In fact, based on the available barley sequence 
information botii of the barley SBEII sequences (SBEIIa and SB]BIb) would appear to 
show greater homology to maize SBEIIa than to maize SBEIIb. 

For all other plant species for which SBEII sequences have been identified and published, 
including potato, pea, rise, cassava, wheat and barley, no sub-division of the SBEII family 
comparable to the SBEIIa and SBEIIb division of maize has been made. 



Studies of purified SBEI and SBHI demonstrate that these isoforms differ in their 



specificity for a substrate with respect to both chain length and degree of branching. In 
maize, SBEI and SBEII show distinct branching activities in vitro, with SBEI showing a 
higher rate of branching of an amylose substrate when compared to SBEQ whereas both 
SBEIIa and lib show higher rates of branching than SBEI when acting upon an 
amylopectin substrate (Guan and Preiss, 1993). Furthermore, maize SBEI preferentially 
transfers longer glucan chains (average chain length = 24) than SBEII (average chain 
length = 21(IIa) and 22(IIb)) (Takeda et al., 1993). A similar observation has been 
reported for SBEI and SBEII isoforms from wheat and pea (Morell et al., 1997; Smith, 
1988). Mutational studies in maize, rice and pea demonstrate that high amylose mutants 
in each case are deficient in the branching enzyme activity analogous to maize SBEIIb 
(Martia and Smith, 1995; Morell et al., 1995). However, the linkage between the 
biochemical observations and the genetic evidence suggesting the differences in the roles 
remains unclear. 

The present invention is based on the une?q>ected discovery of a novel SBEII gene in 
wheat, referred to herein as SBEII- 1. The novel SBEII- 1 gene sequence has strong 
homology with the maize SBEIIb gene. The wheat SBEQ-l gene is bought to be 
functionally equivalent to the maize SBEIIb grae, and on this basis it is believed that 
manipulation of the wheat SBEII- 1 gene is likely to influence starch properties including 
starch gelatinisation temperature, in a manner analogous to manipulation of the maize 
SBEIIb gene as described m WO 97/22703. 

Although maize is known to have two SBEII enzymes, as discussed above, because maize 
is unique in this respect it is not to be expected that a similar sub-division of tiie SBEII 
family would exist m other species. Prior to the present invention, diere was therefore 
no reason to expect that wheat would have two similar SBEII enzyme family members 
comparable to those of maize. 

The present inventors have used the high degree of sequence conservation betweoi several 
SBE gene sequences to design oligonucleotid primers to motifs which are specific to 
either SBEI or SBEII families and have used these primers to an^Iiiy cDNA sequences 
from developing endosperm of wheat. 



When tbis work was started, a single partial length wheat SBE cDNA clone had been 
reported (Mousley, 1994). Multiple sequence alignment of this wheat SBE sequence with 
other published SBE sequences from a number of plant species revealed a number of 
motife which were highly conserved. Oligonucleotide primers designed to be 
complementary to these motift were used to clone 3' partial length cDNA clones of wheat 
SBEn. Alignment of the cDNA clone sequences indicated that the clones could be divided 
into two classes, which the iaveaK)rs have designated SBEII-1 and SBEn-2, which showed 
greater than 90% similarity to members within a class but only 60% sunilarity between 
classes. Significantly, comparison between representative sequences from each class Mdth 
previously identified wheat SBEII clones, pWBE6 (Mousley, 1994) and SBEII (Nair et al. , 
1997), showed that each appear to be homologues of the SBEII-2 class. The cloning of 
a wheat SBEII-1 cDNA is novel. 

Summary of the Invention 

In one aspect the invention provides a nucleotide sequence encoding substantially the 
amino acid sequence shown in Figure 10 or a functional equivalent thereof. 

The term functional equivalent is used in this context to encompass those sequences which 
differ in their nucleotide conq)Osition to that shown in Figure 10 but which, by virtue of 
the degeneracy of the genetic code, encode polypeptides having identical or substantially 
identical amim> acid sequences. It is intended that the term should only apply to sequences 
which are sufficiently homologous to the sequence of the invention that they can hybridise 
to the complement thereof under stringent hybridisation conditions; such equivalents will 
preferably possess at least 86 % , more preferably at least 90 % , and most preferably at least 
95%, sequence homology with the sequence of the invention. Sequence homology is 
conveniently determined using the 'Megalign* program of the software package DNAStar. 
It will be apparent to those skilled in the art that the nucleotide sequence of the invention 
may also find useful application when present as an "antisense" sequence. Accordingly, 
functionally equivalent sequences will also include those sequences which can hybridise, 
under stringoit hybridisation conditions, to the sequence of the invention (rather than the 
complement thereof). Such "antisense" equivalents will preferably possess at least 86%, 
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more preferably at least 90%, and most preferably 95% sequence homology with the 
complement of the sequence of the mventioa. 



In another aspect, the invention provides a nucleotide sequence conq)rising substantially 
the sequence of B2 shown in Figure 3, or a functional equivalent thereof. 

In a further aspect, the invention provides a nucleotide sequence comprising substantially 
the sequence of B4 shown in Figure 3, or a functional equivalent thereof. 

Another aspect of the invention provides a nucleotide sequence comprising substantially 
the sequence of BIO shown in Figure 3, or a functional equivalent thereof. 

Yet a further aspect of the invention provides a nucleotide sequence comprising 
substantially the sequence of Bl shown in Figure 3, or a functional equivalent thereof. 

In another aspect the invention provides a nucleotide sequence encoding substantially the 
amino acid sequence of B6 shown in Figure 4, or a functional equivalent thereof. 

The term functional equivalent in this context has the same general meaning as discussed 
above, although equivalents for B2, B4, BIO and B6 will preferably possess at least 90%, 
more preferably at least 95%, sequoice homology with the relevant sequence of die 
mvention, while equivalents for Bl will preferably possess at least 97% sequence 
homology with the sequence of the invention. 

The sequences of the invention are part of novel wheat SBEII genes, with Bl being a 
novel subclass of the known class of SBEII genes, referred to herein as SBEII-2, with the 
novel subclass being called SBEII-2B. The remaining sequences are all of a completely 
new class of wheat SBEII genes, referred to herein as SBEII-I . The sequences have been 
found to fall ioto 3 sub-classes, to be discussed below. 

The novel wheat SBEII- 1 gene that is the subject of this invention has strong sequence 
homology with the maize SBEIIb gene. The wheat SBED-l gene is thought to be 



functionally equivalent to the maize SBEnb gene. On this basis it is expected that by 
genetic manipulation of the wheat SBEII-l gene it will be possible to influence properties 
of starch produced by a plant, including the gelatinisation temperature of starch, in a 
manner analogous to manipulation of die maize SBEIIb gene described in WO 97/22703. 
The content of WO 97/22703 is incorporated herein by reference. 

The present invention also includes within its scope a portion of any of the above 
sequences, comprising at least 500 base pairs and having at least 90% sequence homology 
to the corresponding portion of the sequence from which it is derived. 

Although the coding sequences of the novel wheat SBEII-l genes have strong sequence 
homology with the maize SBEIIb gene, there is much greater divergence in the 3' 
untranslated parts of the sequences, with a maximum of 31.8% homology betwcMi the 3* 
untranslated sequences of wheat SBEH-l and maize SBEIIb as is apparent from Figure 8. 

In another aspect the invention thus provides a nucleotide sequence comprising 
substantially the sequence shown in Figure 5, Figure 6 or Figure 7, or a functional 
equivalent thereof. 

The term functional equivalent in this context has the same general meaning as discussed 
above, but with equivalents preferably at least 32%, more preferably at least 40%, 50%, 
60%, 70%, 80% or 90% sequence homology with the sequence of the relevant Figure. 

It is thought such 3' untranslated sequences may be useful, both in sense and andsense 
function, in manipulation of starch properties by affecting SBE expression in plants, as 
will be discussed below. 

The sequence may mclude further nucleotides at the 5' or 3* end. For example, for ease 
of expression, the sequence desirably also cotnprises an in-frame ATG start code, and may 
also encode a leader sequence. 



The invention also covers a nucleic acid construct comprising a nucleotide sequence or 
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portion thereof in accordance with the invention conveniently operably linked, in sense or 
antisense orientation, to a promoter sequence. 

Also included within the scope of the invention is amino acid sequence encoded by any 
of the nucleotide sequences of the invention. 

The invention also provides vectors, particularly ejqjression vectors, comprising the 
nucleotide sequence of the invention. The vector will typically comprise a promoter and 
one or more regulatory signals of the type well known to those skilled in the art. The 
invention also includes provision of cells transformed (which term enconqtasses 
transduction and transfection) with a vector comprising the nucleotide sequence of the 
invention. 

Nucleotide sequences in accordance with the invention may be introduced into plants, 
particularly but not exclusively wheat plants, and it is expected that this can be used to 
affect expression of SBE in the plant and hence affect the properties of starch produced 
by the plant. In particular, use of sequences in antisense orientation is expected to reduce 
or suppress enzyme e?q)ression. Additionally, it has recently been demonstrated in other 
e?q)erimental systems that "sense suppression" can also occur (i.e. expression of an 
introduced sequence operably linked in the sense orientation can interfere, by some 
unknown mechanism, with the e?q)Tession of the native gene), as described by Matzke & 
Matzke 1995. Any one of the methods mentioned by Matzke & Matzke could, in theory, 
be used to affect the expression in a host of a homologous SBE gene. 

It is believed that antisense methods are mainly operable by the production of antisense 
mRNA which hybridises to die sense mKNA, preventing its translation into functional 
polypeptide, possibly by causing the hybrid RNA to be degraded (e.g. Sheehy et al., 
1988; Van der Krol et al.,). Sense suppression also requires homology between the 
introduced sequence and the target gene, but the exact mechanism is unclear. It is 
apparent however that, in relation to both antisense and sense suppression, neither a full 
length nucleotide sequence, nor a "native" sequence is essential. Preferably the "effective 
portion" used in the method will comprise at least one third of the full lengdi sequence. 
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but by simply trial and error other fragments (smaller or larger) may be found which are 
functional in altering the char»:teristics of the plant. 

Thus, in a further aspect the invention provides a.method of altering the characteristics of 
a plant, comprising introducing into the plant an effective portion of the sequence of the 
invention operably linked to a suitable promoter active in the plant so as to affect 
expression of a gene present ia the plant. Conveniently the sequence will be linked ia the 
antisense orientation to the promoter. Preferably the plant is a wheat plant. Conveniently, 
the characteristic altered relates to the starch content and/or starch conq)osition of the plant 
(i.e. amount and/or type of starch present in the plant). Preferably the method of altering 
the characteristics of the plant will also comprise the introduction of one or more further 
sequences, in addition to an effective portion of the sequence of the invention. The 
introduced sequence of the invention and the one or more further sequences (which may 
be sense or antisense sequences) may be operably linked to a single promotCT (which 
would ensure both sequences were transcribed at essentially the same time), or may be 
operably linked to separate promoters (which may be necessary for optimal expression). 
Where separate promoters are employed they may be identical to each other or different. 
Suitable promoters are well known to those skilled in the art and include both constimtive 
and inducible types. Examples include the CaMV 35S promoter (e.g. single or tandem 
repeat) and tiie ubiquitin promoter. Advantageously the promoter will be tissue-specific. 
Desirably the promoter will cause expression of the operably linked sequence at substantial 
levels only in the tissue of the plant where starch synthesis and/or stardbi storage mainly 
occurs. 

The sequence of the invention, and the one or more forther sequences if desired, can be 
introduced into the plant by any one of a number of well-known techniques (e.g. 
Agrobacterium-mediated transformation, or by "biolistic" methods). The sequences are 
likely to be most effective in affecting SBE activity in wheat plants, but theoretically could 
be introduced into any plant. Desirable examples include pea, tomato, maize, rice, barley, 
sweet potato and cassava plants. Preferably the plant will conq)rise a natural gene 
encoding an SBE molecule which exhibits reasonable homology with the introduced 
nucleic acid sequence of the invention. 
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In another aspect, the invention provides a plant cell, or a plant or the progeny thereof, 
which has been altered by the method defined above. The progeny of the altered plant 
may be obtained, for exanq)le, by vegetative propagation, or by crossing the altered plant 
and reservii^ the seed so obtained. The invention also covers parts of the altered plant, 
such as storage organs. Conveniently, for exanq>Ie, the invention covers grain comprising 
altered starch, said grain being obtained &om an altered plant or the progeny thereof. 
Grain obtained from altered plants (or the progeny thereof) will be particularly useful 
materials in certain industrial applications and for the preparation and/or processing of 
foodstuff and may be used, for exan:q}le, in bakery products. 

In particular relation to wheat plants, the invention provides a wheat plant or part thereof 
which, in its wild type possesses an effective SB0I-1 gene, but which plant has been 
altered such that thae is no effective egression of an SBEII-1 polypeptide within the cells 
of at least part of the plant. The plant may have been altered by the method defined 
above, or may have been selected by conventional breeding to be deleted for the SBED-l 
gene, the presence or absence of which can be readily determined by screening samples 
of the plants with a nucleic acid probe or antibody specific for the wheat gene or gene 
product respectively. 

The invention also provides starch extracted from a plant altered by the method defined 
above, or from the progeny of sudi a plant, the stardi having altered properties conqxared 
to starch extracted from equivalent, but unaltered, plants. The invention further provides 
a method of making altered starch, comprising altering a plant by the mediod defined 
above and extracting therefrom starch having altered properties compared to stardi 
extracted from equivalent, but unaltered, plants. It is believed that use of nucleotide 
sequences in accordance with die invention will enable the production of starches, 
particularly wheat starches, having a wide variety of novel properties. 



In particular the invention provides the following: a plant (especially a wheat plant) altered 
by the method defined above, containing starch which, when extracted from the plant, has 
an elevated gelatinisation onset temperature as measured by DSC, compared to starch 
extracted from a similar, but unaltered, plant; a plant (especially a wheat plant) altered by 
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the method defined above, containing starch which, when extracted from the plant, has a 
elevated gelatinisation onset temperature (conveniently elevated by at least yC, preferably 
by at least 12 °C, most preferably by 15 to 25°C) as measured by DSC compared to starch 
extracted from a similar, but imaltered plant. 



The present invention particularly covers starch extracted from a plant altered by the 
method of the invention, particularly starch having an increased gelatinisation ten^)erature. 
Such stardi is useful, eg in bakery products, having particular benefits in certain 
situations, and die invention also covers products, particularly bakery products, made from 
such starch. 

The invention will be further described, by way of illustration, in the following Example 
and with reference to the accompanying drawings, in which: 

Figure 1 is a graph of viscosity versus time, showing a viscoamylgr^h profile for wheat 
starch during and after cooking; 

Figure 2 shows alignment amino acid sequence data of C terminal portions of various 
known starch branching enzymes, obtained from the European Molecular Biology 
Laboratory (EMBL) database, and for a novel wheat SBEII-l sequence of the invention 
(OsbeH-lALL) from clone 5A1, with consensus residues highlighted; 

Figure 2a is a residue weight table showing the percent similarity and percait divergence 
of the sequences shown in Figure 2; 

Figure 3 shows aligned DNA sequence data for various recombinant clones (B2, B4, BIO, 
A2, Bl, Bll) containing wheat starch brandling enzyme genes, representing two SBE 
classes, SBEII-1 and SBEII-2, each of which includes three subclasses A, B and C, with 
residues differing from the consensus (majority) highlighted; 



Figure 3a is a residue weight table showing the percent similarity and percent divergence 
of the sequences shown in Figure 3; 
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Figure 4 is an alignment of predicted amino acid sequences for clones B6 (wheat SBEU-l) 
and Bll (wheat SBEII-2) against the corresponding regions of the maize SBEIIa and 
SBEIIb amino acid sequences, with residues differing &om those of maize SBEIIb 
highlighted; 

Figure 4a is a residue weight table showing the percent similarity and percent divergence 
of the sequences shown in Figure 4; 

Figure S shows the 3' untranslated DMA sequence of clone B2 (wheaft SBEII-1, sub-class 

A) ; 

Figure 6 shows the 3' untranslated DNA sequence of clone BIO (wheat SBEII-1, sub-class 

B) ; 

Figure 7 shows the 3' untranslated DNA sequence of clone B4 (wheat SBEII-1, sub-class 

C) ; 

Figure 8 shows aligned DNA sequence data for the 3' untranslated region of clones BIO, 
B2 and B4 and maize SBEIIb (ZMSBEZb), with residues differing from those of the BIO 
sequence highlighted; 

Figure 8a is a residue weight table lowing the percent similarity and percent divergence 
of the sequences shown ia Figure 8; 

Figures 9a and 9b show hybridisation of probes of clone Bl (SBEII-2) and clone B2 
(SBEII-1), respectively; 

Figure 10 shows the DNA and predicted amino acid sequence of part of SBEII-l clone 
5A1; 

Figure 11 shows aligned amino acid sequence data for the wheat SBEII-1 sequence of the 
invention, from clone 5AI (Osbell-IALL), wheat SBEI-D2 of Rahman et al 1997 
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(TASBEID2), wheat SBEl of Rapellin et al 1997 (TASBH Chibbar) and wheat SBEn-2 
of Nair et al 1997 (wheat SBEII-2) (Nair)), with residues exactly matching the consensus 
(majority) highlighted; 

Figure 11a is a residue weight table showing the percent similarity and percent divergence 
of the sequences shown in Figure 11; 

Figure 12 is a restriction map of plasmid pWxGS+; 

Figure 13 is a restriction ma^ of plasmid pSRWXGUSl; 

Figure 14 is a restriction map of plasmid pVTWXGUS2; 

Figure 15 is a restriction map of plasmid pPBI-97-2; 

Figure 16 is a restriction map of plasmid pSR97-26A-; 

Figure 17 is a restriction map of plasmid pSR97-29A-; 

Figure 18 is a restriction map of plasmid pSR97-50A-; 

Figure 19 is a restriction m^ of plasmid pSR97-53A-; 

Figure 20 is a restriction map of plasmid p97-2C; 

Figure 21 is a restriction vaap of plasmid p97-2CWTl; 

Figure 22 is a restriction map of plasmid pSC98-l; 

Figure 23 is a restriction noap of plasmid pSC98-2; 

Figure 24; is a restriction map of plasmid pUNI; 
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Figure 25 shows the DNA sequence of the Nptll Sacl fragment of pUNI; and 
Figure 26 is a schematic illustration of a particle bombardment chamber. 
Example 

Amplification and characterisation of two class es of SRFTT cDNA clones 

A PGR based cloning strategy was devised for isolating starch branching enzymes from 
wheat using conserved domains within the known cloned gene sequences. Starch 
branching enzymes have beeii cloned from a number of plant species and Figure 2 shows 
amino acid sequence data, obtained from the European Molecular Biology Laboratory 
(EMBL) nucleotide database for various known starch branching enzymes as follows:- 

Wheat SBEn-2 (Nair) for Triticum aestivum 
ZM SBE2a (maize) for Zea jnays 
ZM SBE2b (maize) for Zea mays 
Barley SBEUa 
Barley SBEIIb 

RICBCE3 (rice SBEII type enzyme) for Oryza sativa 

jRIC£S6E-l/97 (as above, including transit peptide sequence) 

PSSBEIGEN (pea SBEI, which is in fact an SBEII- type sequence) for Pisum sativum 

STSBE (potato SBEI type) for Solanum tuberosum 

TASBEI Chibbar (wheat SBEI-2) for Triticum aestivum 

ZMSBEI (maize SBEI) for Zea mays 

RICBH (rice SBEI) for Oryza sativa 

PSSBEDGN (pea SBEII, which is in fact an SBEI-type sequence) for Pisum sativum 

Figure 2 also shows sequence information for a novel wheat SBEH-l sequence of the 
invention, identified as Osbell-IALL. 

Alignment of the sequences shown in Figure 2 reveals several domains which are highly 
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conserved. One such domain, MDKDMYD, was almost completely conserved and it was 
assumed that this domain would also be present in wheat starch branching enzyme genes. 
This motif was chosen as a target for an oligonucleotide sense primer (SBEA). 3 'RACE 
PCR was carried out on endosperm first strand cDNA using the primal Ro and SEE A. 



Two populations of PCR products of ^proximately Ikb and 1.2Kb were cloned into the 
plasmid vector pTTBlue (Novagen). Plasmid DNA from 36 putative recombinant clones 
was purified and the insert size estimated by restriction analysis. Fifteen clones 
harbouring inserts of between approximately 1Kb and 1.2Kb were selected for sequencing. 
Alignment of the sequence data obtained, using the MEGALIGN program of DNASTAR, 
indicated that the 15 selected clones could be divided on the basis of degrees of homology 
into two different classes, which we have designated SB£n<l and SBEII-2. FurthCTnore, 
both the SBEII-l and SBEn-2 classes may each be further subdivided into three sub- 
classes, based on sequence differences (Table 1). It is thought the sub-division into three 
sub-classes probably arises becau^ wheat comprises three homoeologous genomes. 



Table 1 



Class 


Sub-Class 


Clone Number 


SBEn-1 


A 


B2, B5. B6, B7, B12 


SBEn-1 


B 


610 


SBEH-l 


C 


Al. A13, B4 


SBEn-2 


A 


BU 


SBEn-2 


B 


Bl, B9 


SBEn-2 


C 


A2. C5 



Conq)arison between sequences within either of the SBEH-l or SBEn-2 classes showed 
between 90 and 96.8 % similarity. In contrast, sequence similarity between representative 
of SBEn-1 and SBEn-2 classes only display between 58,8 and 60.0% homology in the 
region of comparison (Figures 3 and 3a). 
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Furthermore, we have compared representative sequences from each SBEII-1 and SBEII-2 
class with the previously reported wheat SBEII clones, pWBE6 (Mousley, 1994) and the 
very recently published SBEII (Nair et al,, 1997). The results showed that each of the 
previously isolated SBEII clones are highly homologous (>90%) to our SBEn-2 class 
(data not shown). Significantly, neither of the previously reported wheat sequences 
showed high homology to our SBEII-l sequence. The isolation and characterisation of 
three forms of SBEII-l (SBEII-l, sub-classes A, B & C) is novel. The SBEII-2 sub-class 
B is also novel, sub-classes A and C corresponding to the sequences previously disclosed 
by Mousley (1994) and Nair et al (1997) respectively. 

Alignment of the predicted amino acid sequences from representative clones, B6 and Bll 
of the wheat SBEII-l and SBEII-2 sequences (respectively) against the corresponding 
regions of the maize SBEHa and SBEHb amino acid sequences (Figure 4 and 4a) indicate 
that the wheat SB0I-1 sequence (clone B6) is more similar to the maize SBEHb sequence 
(88.7% similarity) than to the wheat SB£n-2 sequence and the maize SBEIIa sequence 
(82.2% & 82.6% similarity respectively) and similarly that the wheat SBEn-2 sequence 
is more similar to the maize SBEIIa sequence (86.9% similarity) than to the wheat SBEII- 
1 and maize SBEIIb sequences (82.2% and 81.7% similarity respectively). We thus 
hypothesise that the wheat SBEII-l is phylogenetically more related to the maize SBEIIb 
and that the wheat SBEII-2 is phylogenetically related to the maize SBEIIa sequences and 
that the corresponding wheat and maize sequences are likely to represent functional 
equivalents. 

While the coding sequences of clones B2, BIO and B4 have strong sequence homology to 
the maize SBEIIb gene, there is much greater divergence in &e 3' untranslated parts of 
the sequences. Figure S, 6 and 7 show the 3' untranslated sequences of clones B2, BIO 
and B4, respectively, and Figure 8 compares these sequences with the corresponding 
sequence of maize SBEIIb. 

Considering matters in more detail, experimental details were as follows. 
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Plant Tnaterial 

Triticwn aestivwn cultivar Rialto was grown in a glass house under supplementary lighting 
and temperature control to maintain a 16 hour day-length at 18+/-1'*C. 

Recombinant DNA manipulations and sequencing 

Standard procedures were performed essentially according to Sambrook et al., (1989). 
DNA sequencing was performed on an ABI automated sequencer and sequences analysed 
using DNASTAR software for Macintosh. 

RNA isolation 

RNA was extracted from Triticum aestivum cultivar Rialto endosperm, using a Purescrq»t 
RNA isolation kit (Rowgen) essentially according to the manufacturers recommendations. 
Briefly, endosperm tissue was frozen in liquid nitrogen and ground, for 2 min, to a fine 
powder using a dismembrenator (Braun Biotech Intematioaal). The ground tissue was 
stored in liquid nitrogen prior to extraction. Approx. lOOmg of ground tissue was 
transferred to a 1.5ml microcentrifuge tobe and 1.2ml of 'Lysis buffer' was added to the 
tissue before mixing by inversion and placing on ice for 10 minutes. Protein and DNA 
were precipitated from the cell lysate by adding 0.4ml of 'Protein-DNA Precipitation 
Solution' and mixing by inversion before centriiuging at 13,000 x ^ at 4°C for 20 
minutes. The supernatant was divided betwera two fresh 1.5ml tubes each containing 
600;il of iso-propanol. The RNA precipitate was pelleted by caitriftigation at 13,000 x 
g at 4''C for 10 minutes, the supernatant was discarded and die pellets washed with 70% 
ethanol by inverting the tube several times. The ethanol was discarded and the pellet air 
dried for 15-20 minutes before the RNA was resuspended in 7.5ml of 'RNA Hydration 
Solution*. 

Preparation of wheat endosperm cDNA pool 



Wheat endosperm cDNA pool was prepared from total RNA, extracted as described 
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above, using Superscrq)t™ reverse transcriptase (life Technologies) essentially according 
to manufacturers instructions. Briefly, five microgrammes of RNA, lOpMoI RoRidTl? 
[AAGGATCCGTCGACATCGATAATACGACTCACTATAGGGA(T17)] and sterile 
distilled water to a reaction volume of 12/il, in a 500|il microcentrifuge tube, was heated 
to 70* C for 10 minutes before being quick chilled on ice. The contexts of the tube were 
collected by brief centrifugation before adding 4fil 5x First Strand Buffer, 2;tl O.IM DTT 
and 1/d lOmM dNTPs and, after mixing, incubating at 42*C for 2 min. 1/*! of 
Superscript™ was added and, after mixing, incubation continued for 1 hour. The reaction 
was inactivated by heating to TO'C for 15 min. 150^1 of TjoEi was added to the reaction 
mix and the resulting cDNA pool was used as a template for amplification in PGR. 

PCT amplification of SBEII sequences from endosperm cDNA pool 

SB£n sequences were amplified from the endosperm cDNA pool using primers Ro 
[AAGGATCCGTCGACATC], which is complementary to the Ro region of the RoRidTl? 
primer used to synthesise the cDNA pool, and the SBEII specific primer, SBEA 
[ATGGACAAGGATATGTATGA]. SBEA was designed to be homologous to the 
MDKDMYD motif which is situated approx, Ikb from the 3 'end of the mature peptide 
codii^ sequence. PGR was carried out in a SQfil reaction, comprisii^ Spil of the cDNA 
pool, 25pmol Ro. 50pmol SBEA, 5fil 5x Taq buffer, 4/d 25mM Mg^"^, 0.5;il 20mM 
dNTPs, and 1.2Su Taq polymerase. All of the reaction conxponents were mixed, except 
for the Taq polymerase, before being pre-hrated to 94''C fDr 7 min and then cooled to 
75''C for 5 min. Whilst the reaction mixtures were held at 75*'C the Taq polymerase was 
added and, after mixing well, the reactions were theimocycled at (WC-SOsec, 50°C- 
30sec, 72°C-lmin) x 30 cycles, followed by a final 10 min extension step at 72"C. 

PGR products were purified by phenol/chloroform and chloroform extraction before 
ligation with pT7 Blue (Novagen) according to manufocturers recommendations. Putative 
SBE clones were icitially characterised by standard plasmid DNA purification methods and 
restriction digestion. Representative clones harbouring a range of different sized inserts 
were selected for sequencing. 
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Chromosomal location of SBE genes in wheat 

The Chinese Spring wheat nullisomic-tetrasomic lines as described in Sears (1966) were 
used for assignmrat of the SBE sequences chromosome locations. Ditelosomic lines 
(Sears, 1966) were used to determine the chromosome arm location. The Betzes barley 
ditelosomic addition lines in wheat are described in Islam (1983). 

The chromosomal location of the two families of SBEII sequences (SBEII-1, SBEII-2) was 
determined by probing wheat nuUi-tetra and ditelosomic stock lines with gel-puriiied 
inserts of the various clones. Figure 9a shows the hybridisation obtained with an SB£n-2 
(clone Bl) probe on Hindm digested DNA. The euploid Chinese Spring gives 3 bands, 
one of which is missing in turn in the lines nuUisomic for chromosomes 2A, 2B and 2D. 
The same blot was re-probed with a SBEH-l specific probe (clone B2). This yields an 
entirely different hybridisation profile (Figure 9b), demonstrating the specificity of the 
probe used. Again bands are missing in each of the lines nullisomic for 2A, 2B and 2D. 
the same banding pattern was observed using the SBEII-1 clones B2 and B4. Thus the 
SB£n sub-family 1 and 2 gene sequences lie on the wheat group 2 set of homeologous 
chromosomes. 

Ditelosomic addition lines were used to identify the arm location of these genes (data not 
shown). This revealed that the SBEII-l and SBEII-2 sequences are both located on the 
long arms of the homeologous group 2 chromosomes of wheat. 

Barley addition lines were used to determine whether homologous sequences are present 
in barley. These showed that sequences homologous to the wheat SBEEE-l and SB0I-2 
sequences are located on the long aims of barley chromosome 2H. 

Extension of the SBiRH-l V sequence towards the 5'end of the mature peptide 

We have ejq>loited the sequence divergence between our wheat SBEII-l and SBEII-2 
sequences to design the SBEII-l specific 3' primer, Sb4. This primer was used in 
conjunction with an SBEII specific 5' primer to extend the novel SBEII-1 sequence using 
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a PCR-based approach. 

To extend the SBEII-1 3' sequence towards the 5'end of the mature peptide, a second 
conserved domain was identified and an oligonucleotide sense primer, AGSBEI, designed. 
PGR amplification from the endosperm first strand cDNA pool was carried out using the 
AGSBEI-Sb4 primer pair. Separation of the amplification products by electrophoresis 
through a 1 % (w/v) agarose gel (data not shown) showed that the reaction yield a distinct 
band of approx. 2.2kb. The approx 2.2kb anq>lif!cation products were excised from the 
gel, ligated with PTTBIue and transformed into competent Novablue E,coU cells. 
Following overnight culture, nine putative recombinant clones were selected for further 
analysis. Screening of each of the selected clones usii^ vector specific primers indicated 
that clones 5A1, 5A2, 5A5 and 5A9 harboured inserts of the predicted size. Of these 
clone 5A1 (which fells in sub-class C) was selwted for sequencing (Figure 10), The 
amino acid sequence of Figure 10 corresponds to the OsbeU-l ALL sequence of Figure 2. 
Although not full length the predicted open reading frame includes nucleotides 44 through 
to 1823 and encodes a 593 amino acid peptide. Based on similarities with the maize 
genes, it is estimated that this sequence is missing approximately 230 amino acids out of 
a predicted total of approximately 830 amino acids. On this basis, the partial sequence 
represents about 70% of the coding sequence. Multiple sequence alignment of this SBEII- 
1 sequence with recently published wheat SBEII-2 (Nair et al., 1997), SBEI (Rapellin et 
al., 1997) and SBEI-D2 (Rahman et a/., 1997) sequences showed that the SBEH-l 
sequence has similarity indices of 69.6%, 31.2% and 46.7% to SBEII-2, SBEI and SBEI- 
D2 respectively (Figures 11 and 11a). This demonstrates diattiie SBEII-1 sequence differs 
from the published wheat SBE sequences, and confirms the analysis of the 3* sequence 
alignment (Figure 3). The increase in relative homology when compared to the values 
obtained following 3 'sequence aligimient results from the feet that the central domain of 
SBEs is highly conserved (Burton et al., 1995; Gao et al., 1997). However, it is clear 
that this cloned wheat SBEII-1 sequence is significantly different from previously 
published wheat SBE sequences and represents a novel sequence. 

Full experimental details were as follows. 
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SBEII-1 sequences were extended toward the 5*end of the mature pq)tide by amplification 
from the endosperm cDNA pool using the SBEII-l specific primer Sb4 
[TTTTCTTCACAACGCCCTGGG] in conjunction with the primer AGSBEI 
[TGTTTGGGAGATCTTCCTCCC]. AGSBEI was designed to be homologous to the 
GVWEIFLP motif which is conserved in all known SBE sequences and is situated toward 
the 5 'end of the mature peptide coding sequence. PGR was carried out in a 50ftl reaction, 
comprising 5;il of the cDNA pool, SOpmol Sb4, SOpmol SBEAl, 5/tl 5x Taq buffer, 4/tl 
25mM Mg^*, 0.5 (il 20mM dNTPs, and 1.25u Taq polymerase. All of the reaction 
components were mixed, before thermocycling at (94*C-45sec, 55*C-30sec, 72''C-lmin 
30sec) X 30 cycles, followed by a final 10 min extension step at 72'*C. Amplification 
products were separated by electrophoresis through a l%(w/v) agarose gel and specific 
amplification products of the predicted size were excised from the gel. The DNA was 
eluted from the gel slice using QIAGEN's gel extraction kit according to the 
manufacturers recommendations before ligation with pT7 Blue (Novagen). Ligation was 
carried out in a 10^1 reaction volume comprising 7.5fd purified amplification product, l/tl 
lOx ligation buffer, Ifil pTTBlue and 0.5/*l T4 DNA ligase (Amersham). The reaction 
components were mixed well before being placed at 4''C overnight. Following overnight 
mcubation, half of the ligation reaction was used to transform con^etent Novablue E. coff 
cells (Novagen). Transformed cells were plated out onto LB plates supplemented with X- 
gal (40ftgml *), IPTG (0. ImM), Carbenicillin (100/tgml '), and Tetracycline (12.5/tgml-'), 
before placing at 37''C overnight. Putative recombinant clones were initially screened for 
the presence of an insert by colony PGR using the vector specific primers T7B and U19. 
Insert positive clones were then screened using an insert specific primer in conjunction 
with either T7B or U19 primers to determine the orientation of die insert widiin the 
multiple cloning site prior to sequencing. 

Southern blot analysis 

Southern analyses of die pre-made in nulli-tetra and ditelosomic blots were carried out 
essentially as described in Jack et al (1994). 



The SBEII-l clones discussed above have been cloned into transformation vectors for 
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transformation of wheat. 
Plasmid constructions 

Standard molecular biology procedures (Sambrook et al, 1989) were used for plasmid 
constructions. 

pWxGS+ (Fig^re 12) comprising a maize granule bound starcb synthase gene (Shure et 
al 1983) promoter-GUS-Nos fusion was obtained as a gift to Unilever Research from Sue 
Wessler (University of Georgie, Athens, USA). 

pSRWXGUSl (Figure 13) was produced by inserting a Sac 1 linker [d(pCGAGCTCG)0] 
(New England Biolabs [NEB]) (NEB catalogue No 1044) into the Smal site in pWxGS+. 

pVTWXGUS2 (Figure 14) was produced by inserting a BamHl linker 
[d(pCGGGATCCCG)] (NEB catalogue No. 1071) into the EcI136n (an isoschizomer of 
Sacl which gives blunt ends) site of pWxGS + 

A Sacl linker was inserted at the Xbal site (which had been blunted using Klenow + 
dNTps) of the SBEU-l Clone B6 in the plasmid pTTBIue to produce an intermediate clone. 
The SBE sequence was then purified from this intermediate clone as a Sacl fragment and 
ligated into the Sacl sites of pSRWXGUSl replacing the GUS gene sequence to produce 
the plasmids pSR96-26 and pSR96--29 representing antisense and sense orientations of the 
SBEII-1 sequence downstream of the Waxy promoter, respectively. 

A BamHl Imker was inserted at the Xbal site (which had been blunted using Klenow + 
dNTps) of the SBEII-2 Clone Bll in pTTBlue to produce an intermediate clone. The SBE 
sequence was then purified from this intermediate as a BamHl fragment and inserted into 
the BamHl sites of pVTWXGUS2, replacing the GUS gene sequence, to produce the 
plasmids pVT96-S0 and pVT96-S3 representing antisense and sense orioitations, 
respectively, of the SBEn-2 sequence downstream of the Waxy promoter. 
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The Waxy-SBE-NOS sequences in the plasmids pSR96-26 and pSR96-29 and pVT96-50 
and pVT96-53 were purified as Hindlll/EcoRI fragments and inserted into the 
EcoRI/Hindn sites of plasniid pPBI-97-2 (also known as p97-2) (Figure 15). Plasmid 
pPBI-97-2 is described in European Patent Application No. 97305694.8 ffled 29th July 
1997. Following removal of the ampicillin resistance marker gene the resulting plasmids 
were designated pSR97-26A- (clone B6 (SBEU-l, sub-class A) in antisense orientation), 
pSR97-29A- (clone B6 m sense orientation), and pSR97-50A- (clone Bll (SBEn-2, sub- 
class A) in antisense orientation) and pSR97-53A- (clone Bll in sense orientation) as 
illustrated in Figures 16, 17, 18 and 19, respectively. 

p97-2C (Figure 20) was produced by digesting the polylinker sites Ecll36 n to Smal in 
the plasmid p97-2 (Figure 15), ligating and selecting recombinants in which die polylinker 
region from Smal to Ecll36 n had reinserted in the opposite orientation. 

The Waxy-NOS sequences in pSRWXGUSl were transferred as a Hindm/EcoRI fragment 
into the Hindlll/EcoRI sites of plasmid p97-2C to produce the plasmid p97-2CWTl 
(Figure 21). 

pSC9$-l and pSC98-2 

The 5' extended SBEII-1 clone 5A1 in pT7BIue (comprising SBE sequence from 
coorxlinate 43 to 2003bp in Figure 10) was digested with EcoRI and Xbal, followed by 'in- 
fill' of overhangs using Klenow pol3anerase and dNTPs. The resulting blunt ended SBE 
fragment was gel purified and ligated to p97-2CWTl (Figure 21) which had been digested 
with EcU 36n and dephophorylated usii^ calf intestinal phosphatase. The resulting 
recombinants were screened by restriction digest anaylsis and clones comprising both 
orimtations of the SBE sequence (with respect to die waxy promoter) were identified. 
pSC98-l (Rgure 22) is an antisense version and pSC98-2 (Figure 23) is a sense version. 
Following removal of the ampicillin marker gene the resulting plasmids were designated 
pSC98-lA- and pSC98-2A- respectively. 
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Ubiquitin promoter - Nptll select! n coiistruct:plJNl 
pUNl was made in the following way: 

A Sad linker was inserted at the Smal site of the plasmid pAHC25 (Christensen and Quail 
1996) to produce an intermediate plasmid. The GUS gene was removed from this 
intermediate plasmid by digesting with SacI followed by self ligation and identification of 
recombinant molecules lacking the GUS sequence to produce the plasmid pPBI95-9. 
pPBI95-9 was digested with EcoRI and following self ligation recombinant molecules 
lacking the Ubi-BAR sequences were identified. The resulting plasmid is designated 
pPBI96-23 . An Nptll sequence was amplified as a PGR product using the primers AG95- 
7: 

5'GATGAGCTCCGTTTCGCATGATTGAACAAGATGG and AG95-8: 
5'GTCGAGCTCAGAAGAACTCGTCAAGAAGGC, using pPBIBAGS (Goldsbrongh et 
al 1994 as template for the Nptll sequence. The anq)lified product was cloned into the 
SstI site of pBluescript (Stratagene) and sequenced. The sequencing revealed that the 
Nptn sequence was of the 'mutant* form rather than the wild-type as had been expected. 
The 'mutant' form carries a single base change which is flanked by imique Ncol and Sphl 
sites. The pBluescript clone was digested with Ncol and Sphl to rranove the region 
containing the sii^e base change. Two oligonucleotides, 
(NptlrCCCGACGGCGAGGATCTCGTCGTGACC and Npt2: 

CATGGGTCACGACGAGATCCTCGCCGTCGGGCATG) were then annealed to each 
other to form an Ncol/Sphl fragment. This was cloned into die Ncol/Sphl digested 
Bluescript/Nptll clone, and the resulting clone was sequenced to confirm that the gene 
was now of die wild type form. 

The Nptn sequences was then purified as a Sacl fiagment and inserted at the SacI site of 
pPBI96-23 to produce ptJNl (Figure 24). The orientation of die Nptn sequence in pUNl 
was determined by restriction digest analysis. The sequence of the Nptn Sacl fragment 
is presented in Figure 25. 



Transformatioa of wheat 
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The following plasmid combinations (co-bombardments) have been used in the 
transfonnation of wheat plants: 



Table 2. Plasmid combinations used in wheat transfonnation experiments. 



Starch constructs 


Selection marker constructs 




pAHC25 


pWxGS+ 


pUNl 


PSR97-26A- 


pUNl 


pSR97-26A- 


pCaiNeo 


pSR97-29A- 


pUNl 


pSR97-29A- 


pCaiNeo 


pSR97-50A- 


pUNl 


pSR97-53A- 


pUNl 


pSC98-l 


pUNl 


pSC98-2 


pUNl 



Embryo wheat plants of the spring coltivar Bobwhite and the winm cultivar Florida were 
grown in a glasshouse with 16hr day length supplCTiented with lights to maintain a 
minjTTiu m light intensity of 500 umol m-^s-* at 0.5M above flat leaf. Glasshouse 
tenq}eratures were maintained at I9''C+/-1°C during the day and H^'C+Z-l^C at night. 



Immature embryos of wheat were harvested from developing grain. The seeds were 
harvested and embryos were cultured at approximately 12 days after anthesis when the 
embryos were ^proximately 1mm in length. Seeds were first rinsed in 70% ethanol for 
5 minutes and then sterilised in a 10% solution of Domestos bleach (Domestos is a Trade 
Mark) for 15 minutes followed by 6 washes with sterile distilled water. Following 
removal of tiie embryonic axis die embryos were placed axis surface face down on agargel 
(Sigma catalogue no. A-3301) solidified MMl media. The general recipe for MMl is 
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given in Appendix 1, and the recipes for the various constituents in Appendix 2. The 
embryos were maintained in darkness for one to two days at 24°C +/-1'*C prior to 
bombardment. 

The plasmids pAHC25, pCAiNeo and pUNl were used to provide selection markers in 
the combinations with starch gene constructs as detailed in Table 2. pAHC25 (Christensen 
and Quail 1996) contains a chimeric Ubi-BAR gene which provides selection of 
transfoimants to phosphinotimcin, the active ingredient in herbicides BASTA™ and 
Bialophos (see Block, M.de. et al 1987). The plasmids pCAiNeo (Fromm et al.^ 1986) 
and pUNl contain chimeric promoter-Nptn gene fusions and provide selection of 
transfonnants against a range of aminoglycoside antibiotics including kanamycin, 
neomycin, geneticin and paromycin. 

Particle bombardments was used to introduce plasmids into plant cells. The following 
method was used to precipitate plasmid DNA onto Q.^ym. gold particles (BIO-RAD 
catalogue number 165-2262): A total of 5/tg of plasmid DNA was added to a SOfzl 
sonicated for one minute suspension of gold particle (@ lOmg/ml) in a 1.5ml microfiige 
tube. Following a brief vortex for three seconds 50^1 of a 0.5M solution of calcium 
chloride and 20^1 of a 0.05M solution of speraoidine free base were added to the opposite 
sides of the microfiige tube lid- The tube contents were mixed together by closing the lid 
and t^ing the calcium chloride and spermidine to the bottom of the tube. Following a 
vortex for three seconds die suspension was centrifiiged at 13,000 rpm for 5 seconds. The ' 
supernatant was then removed and the pellet resuspended in 150;cl of absolute edianol. 
This requires scraping the gold particles off the inside of the tube using a pipette tip. 
Following a further three second vortex, the sample was centrifuged again and the pellet 
resuspended in a total volume of 85^1 in absolute ethanol. The particles wo'e vortexed 
briefly and sonicated for 5 seconds in a Camlab Trisonic T310 water bath sonicator to 
ensure fine dispersion. An aliquot of 5^1 of die DNA coated gold particles were placed 
in the centre of a macrocarrier (BIO-RAD catalogue no. 115-2335) and allowed dry for 
30 mins. Particle bombardment was performed by using a Biolisitc™ PDS-lOOO/He (BIO- 
RAD Instruments, Hercules CA) chamber which is illustrated schematically in Figure 21, 
using helium pressure of 650 and 900 psi (rupture discs: BIO-RAD catalogue numbers 



29 

165-2327 and 165-2328 respectively). 



Referring to Figure 26, the illustrated vacuum chamber comprises a housing 10, the inner 
side walls of which include a series of recesses 12 for receiving shelves such as sample 
shelf 14 shown at the fourth level down from the top of the housing. A rupture disc 16 
is supported in a He pressure shock tube 18 near the top of the housing. A support 20, 
resting in die second set of recesses 12 down from the top of the housing, carries unit 22 
that includes a stopping screen and a number of rings 24, with 1 1 rings below the seaport 
20 and 3-4 rix^s above the s«q>port 20. Macrocarrier 26 is supported at the top of unit 22. 
The approximate distance from the rupture disc 16 to the macrocarrier 26 is 25mm, with 
the approximate distance from the macrocarrier 26 to the stopping screen being Tnom, and 
the approximate distance from iht stopping screen to the sample shelf 14 being 67mm. 

Immature embryos were bombarded between 1 and 2 days after culture. For 
bombardment the knmature embryos were grouped into a circular area of ^proximately 
1cm in diameter comprising 20-100 embryos, axis side face down on the MMl media. 
The Petri dish (not shown) containing the tissue was placed in the chamber on shelf 14, 
on the fourth shelf level down from the top, as illustrated in Figure 26. The air in the 
chamber was then evacuated to a vacuum of 28.5 inches of Hg. The macrocarrier 26 was 
accelerated with a helium shock wave using rupture membranes that burst when the He 
pressure in the ^odc tube 18 reaches 650 or 900 psi. Within 1 hour after bombardment 
die bombarded embryos were plated on MMl media at 10 embryos per 9cm petri dish and 
then maintained in constant darkness at 24''C for 2-3 weeks. During this period somatic 
embryogenic callus was produced on die bombarded embryos. 

After 2-3 weeks die embryos were transferred onto agar-solidified regeneration media, 
known as R media, and incubated under 16hr daylength at 24 °C. The general recipe for 
R media is given in Appendix 1. Embryos were transferred on fresh plates at 2-3 week 
intervals. The composition of the regeneration media varied depending on which selection 
regime was to be used. For transfonnants bombarded with the BAR gene the 3 amino 
solution was omitted and PPT (phosphinothricin) at Img/L, rising to 3mgAL over a period 
of three 2-3 week transfers was used for selection. For selection of transformants using 
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the Nptn gene three different regimes were used: 1) Geneticin (GIBCO-BRL catalogue no. 
10131-019) was incorporated (at 50mg/L) immediately on transfer to regeneration media 
and maintained at 50mg/L on subsequent transfers to regeneration media. 2) & 3) 
Embryos were first transferred to regeneration media without selection for 12 days and 
2-3 weeks, respectively, and thereafter transferred on to media containing Geneticin at 
50mg/L. After 2-3 passages on regeneration media regenerating shoots were transferred 
to individual culture tubes containing 15 ml of regeneration media at half salt strength with 
selection at 3mg/L PPT or 35mg/L geneticin depending on whether the BAR gene of NptH 
gene had been used in the original bombardments. Following root formation the 
regenerated plants were transferred to soil and die glasshouse. 

Southern blot analyses of transformants were carried out using standard techniques 
essentially as described in Jack et al 1994. 5-10 n$ of isolated DNA was digested with 
appropriate restriction enzymes (10 units/mg DNA) in appropriate buffers for 
approximately 4hrs at an appropriate temperature (usually 37 "Q. The restricted DNA 
was loaded onto a 1 % agarose gel in TAE buffer and electrophoresed overnight at 30-40 
V. Following denaturation and neutralisation the DNA was transferred onto Hybond 
N+(Amersham) membranes according to the manufacturer's instructions and the DNA 
fmally UV crosslinked as per manufacturer's instructions. The Hybond membranes were 
pre-hybridised at 65**C. DNA probe fragments were labelled using Amersham's 
Rediprime DNA labelling system (Amersham catalogue no. RPN-1633) according to the 
manufacturer's instructions. Following denaturation the radiolabelled probes were added 
into the prehybridisation solution and hybridisation was allowed to proceed overnight at 
65 "C. The membranes were then sequratially washed (shaking) in 6XSSC for 5 minutes 
at 65°C, 2XSSC for 5 minutes at 20*C, 0. IXSSPE for 5 minutes at 20*C and 0. IXSSPE 
for 5 minutes at 60''C. Washed membranes were e^sed to Kodak BioMax MR-1 film 
(with intensifying screens used in accordance with the manufacturer's instructions). 

GUS histochemistry was performed essentially as described in Jefferson (1987). 
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Appendix 1. 



Recipe for 2x concentrated MMl media 



Constituent 


Volume of stock per litre of 2x 
concentrated media 


Macrosalts MS (lOX stock) 


200ml 


Microsalts L (lOOOx stock) 


2ml 


FeNaEDTA MS (lOOx stock) 
[Sigma catalogue F-0518] 


20ml 


Modified Vits MS (xlOOO) 


1ml 


3 amino acid solution (25x stock) 


40ml 


myo inositol 

(Sigma catalogue number 1-301 1) 


0.2g 


sucrose 


180g 


AgNOj (20mg/ml stock) 
Added after filter sterilisation 


1ml 


Picloram (Im/ml stock) 
Added after filter sterilisation 


4ml 



Filter sterilise and add to an equal volume of moulten 2x agargel (lOg/L). 




5h ""^ 



Recipe for 2x concentrated R media 
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T uluuic VI auicik per uire 01 ^us, 
concentrated media 


Macrosalts L7 (lOX stock) 


200ml 






FeNaEDTA MS (lOOx stock) 


20ml 


Vits/Inositol L2 (200x stock) 


IQml 


3 amino acid solution (2Sx stock) 


40ml 


Maltose 


60g 


2,4-D (Img/ml stock) 
added after filter sterilisation 


200/xl 


Zeatin cis trans mixed isomers 
(Melford labs catalogue no. Z-0917) 
(5mg/ml stock) added after filter 
sterilisation 


2ml 



Filter sterilise and add to an equal volume of moulten 2x agar (16g/litre) 



BNSOOCID:<E1 d830733704> 
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A ppendix 2 

Recipes for constituents of MMl and R media 
Microsalts L (lOOOx stock) 





per 100ml 


MnS04.7H20 


1.34g 


H3BO3 


0.5g 


ZnS04.7H20 


0.75g 


KI 


75mg 


Na2Mo04.2H20 


25mg 


CUSO4.5H2O 


2.5mg 


C0CI2.6H2O 


2.5mg 



Filter sterilise through a 22^ini membrane filter 
Store at 4*0 



Macrosalts MS (lOX stock) 





per litre 


NH4N03 


16.5g 


KN03 


19.0g 


KH2P04 


l-7g 


MgS04.7H20 


3.7g 


Caa2.2H20 


4.4g 



NB: Dissolve CaClj before mixing with other components 
NB: Make up KH2PO4 separately m sterile H2O, and add last. 
Store solution at 4''C after autoclaving 
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Modified MS Vits (lOOOx stock) 





Per lOOmI 


Thiamine HCl 


lOmg 


Pyridoxine HCl 


SOmg 


Nicotinic acid 


50mg 



Store solution in 10ml aliquots at -20'*C 



3 amino acid solution (25x stock) 





Per litre 


L-Glutamine 


18.75g 


L-Proliae 


3.75g 


L-Asparagine 


2.5g 



Store solution in 4Qml aliquots at -20"* C 
Macrosalts L7 (lOx stock) 





par litre 


NH4N03 


2.5g 


KN03 


15.0g 


KH2P04 


2.0g 


MgS04.7H20 


3.5g 


CaCl2.2H20 


4.5g 



N6: Dissolve CaClj before mixing with other components 
MB: Make up KH2PO4 sqiarately in 50ml H2O and add last 
Store solution at 4''C after autoclaving 



Prlmecf:24-08-1999 

BNSOOCID' <E1 9830733704> 



35 

^ts/Inosit 1 (200x stock) 



200x Stock 


Per lOOml 


Inositol 


4.0g 


Thiamine HCl 


0.2g 


Pyridoxine HCl 


0.02g 


Nicotinic acid 


0.02g 


Ca-pantothenatB 


0.02g 


Ascorbic acid 


0.02g 



Store solution in 40ml aliquots at -ICC 
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Claims 



1. A nucleotide sequence encoding substantially the amino add sequence shown in 
Figure 10 or a functional equivalent thereof. 

2. A nucleotide sequence comprising substantially the sequence of B2 shown in Figure 

3. or a functional equivalent diereof. 

3. A nucleotide sequence comprising substantially the sequence of B4 shown in Figure 
3, or a functional equivalent thereof. 



4. A nucleotide sequence coit^rising substantially the sequence of BIO shown in 
Figure 3, or a functional equivalent thereof. 



5. A nucleotide sequence comprising substantially the sequence of Bl shown in Figure 
3, or a functional equivalent thereof. 



6. A nucleotide sequence encoding substantially the amino acid sequence of B6 shown 
in Figure 4, or a functional equivalent thereof. 

7. A portion of any of the above sequences, comprising at least 500 base pairs and 
having at least 90% sequence homology to the corresponding portion of the sequence 
from which it is derived. 



8. A nucleotide sequence comprising substantially the sequence shown in Figure 5, 
Figure 6 or Figure 7, or a functional equivalent thereof. 

9. A nucleic acid construct comprising a nucleotide sequence in accordance with any 
of the preceding claims. 
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10. A construct according to claim 9, wherein the sequence is operably linked, in 
sense or antisense orientatioa, to a promoter sequence. 



11. An e?q>ression vector comprising a construct according to claim 9 or 10. 

12. A host cell into which has been introduced a sequence, construct or vector in 
accordance widi anyone of the preceding claims. 

13. An amino acid sequence eiux>ded by the nucleotide sequence of anyone of claims 1 
to 8. 




14. A method of altering the characteristics of a plant, comprising introducing into the 
plant die sequence of any one of claims 1 to 1 1 operably linked to a suitable promoter 
active in die plant so as to affect e3q>ression of a gene present in the plant. 

15. A method according to claim 14, wherein the sequence is linked in the antisense 
orientation to the promoter. 

16. A method according to claim 14 or IS, wherein the plant is a wheat plant. 

17. A method according to claim 14, 15 or 16, wherein the characteristic altered 
relates to die starch content and/or starch composition of the plant. 

18. A plant or plant cell having characteristics altered by the method of any one of 
claims 14 to 17, or the progeny of such a plant or part of such a plant. 

19. A plant, plant cell, progeny or part thereof according to claim 18, wherein the 
plant is a wheat plant. 

20. A storage organ from a plant according to claim 18 or 19. 

21. A plant, plant cell, progeny or part thereof according to any one of claims 18 to 
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20, containing starch having an elevated geladnisation onset te3iq)erature as measured 
by DSC compared to starch from a similar, but unaltered, plant. 

22. Starch obtainable or obtained from a plant in accordance with any one of claims 
18 to 21. 

23. A method of making altered starch, conq)rising alteris^ a plant by the method of 
any one of claims 14 to 17, and extracting therefrom starch having altered properties 
conq)ared to starch extracted from equivalent, but unaltered, plants. 

24. Use of starch according to claim 22 in the prqparation of processing of a 
foodstuff, particularly bakery products. 

25. A foodstuff, particularly a bakery product, comprisii^ starch in accordance with 
claim 22. 
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Abstract 



Title: Improvements in or relatrng to plant starch composition 



A novel class of wheat SBEII genes, called SBEII-1, can be used to influence 
properties of starch produced by a plant, including the gelatrnisation temperature of the 
starch. The starch is useful, eg in bakery products. 



Paste viscosity 



0 
J 



B 



Re-association of molecules 
(retrogradatton) j 

3i 




asting temperature 



H at 



60 

I 



120 

_J 



Tern peratu re/'C 
50 



Changes in starch during and after cooking. 



H 



lUignnMm ftsooft ol SSEAUGN. u«ng Qustal melAsd mth P4M2S0 n 
|"u»sd»v. Fabniary 10. 1998 12 00 om 



1:6 



12} 

'1 

•IS 

;67 
:2» 

W.Z7 



S R 
A 



* S P C >t W L 
C A P C X V L 



V P 0 G £ 5 0 

V P G C C $ 0 



Psg* t 



- - Oibell-ULL 
0 L - A S P «heat SBEri-2 (Hoxr) 
0 L - L S S ZMSBEZa 
ZMSSEZb 

Barley SBEIIa 

■ Barlty SWrib 

------------- - - - - ---------------- ------------- RICBCEJ 

V eOe RGGCRGIRSGCCAGEMAAPASAVPOSAACLRAGAVRFPVPAGARSAIlAAAELPrSS RICE»e-l/97 

-■- KVL IPEOqON SVSLAO PSSBUCEK 

D»«B'' l- E ^ STSBE 

n«DT*EO TAS8EI Oilbbor 

1 P P TLTS PPPSAVPSrr>l-LCLSSSt.LPRPSAAAORP TUKVOZ 

mHt A k g . - - - •- a«BEI 

MVTVVE RICBgl 

" P S V E E _ PSSSEIICH 



s 

i 



hn 



ltZ3 

l:si 

liss 

1:41 
ILa» 

]'.*» 

l>29 



A qPEELQI 

AEPVVOrQPEELQI 



----PEOI EEQTAEVNMTCGTAEKtE 

----PEAELTVEKTSSSPTQTTSAVAEASSCVEAEE 
AAAAKKAVMVPEGENOGLASRA0SA(lFQ--.-SOEL 



AAGASGEVMIPEGESOGMPVSAGSOOLQLPALDOEL 

SLLSGRRFPGAVRVGCSGCRVAVRAAGASGEVMIPEGESOGMPVSAGSOOLQLPALOOEL 
QLEMPOITSEOAQN- LEOLTMKOGNKYNIOESTSSYREVGOEKGSVT 



LPGIIAGGC6GKRLSVVPS 



VPFLLR«L«PRKAKSKSF 



Osben-IALL 

■heot SBEII-Z CNairJ 

ZMSSEZa 

ZMSBEZb 

SorXcry SBEIIa 

Barley SBEHb 

RICBCE3 

RICESBE-1/97 

PSSBEIGBI 

STSBE 

TASBEI atbbar 

TASBEU2 

ZMSBEZ 

RZCBEl 

PSSBEIZGN 



|l«3 
Il4« 



SSEPTQ GIVETITOGVTKCWIC eO* VGEKPRVVPKPGOGQK 

R>ELSEVICV6GT6CTXIDCAQt1CikXA71.VEEKPRVIPPPG0CqR 
EVPDtSEETTCGAGVAOAQALMRV- RVVp. PPSOCQK 





OxbdZ-UlL ° 

Wieot SBEII'2 CNair) 

ZMSBEZa 

ZMSBEZb 

Barley SBEIIa 

Barlqr SBEUb 

RICBCE3 

RICESBE-1/97 

PSSBEIGEN 

STSBE 

TASBEI dribbor 

TASBEIOZ 

ZMSBEI 

RICBEl 

PSSBEIIQI 

Osbell-ULL 

Hheat SBEH-Z Olalr) 

ZMSBEZa 

ZMSBEZb 

Barley SBEIIa 

Barley SBEUb 

RICBCE3 

RICESBE-t/97 

PSSBEIGBI 

STSBE 

TASBEI Cbibbor 

TASBGIBZ 

ZMSBEI 

« Cg61 

PSSBEUGM 



BsbcQ-lALL 
■beat SKn-Z Olair^ 
ZMSBEZa 
ZMSBEZb 
Barley SBEIIa 
Barl^ SBEm 
RICBCE3 
RICESBE-1/97 
PSSBESrai 
ATA STSBE 
A r F TASBEI Oiibbar 
A T V TASBEIOZ 
A T V ZMSBEI 
A T F RICBEl 
A T V PSSBEIIGN 

0«ben-ULL 
Rheat SBEII-Z CNair} 
ZMSBEZa 
ZMSSEZb 
Barley SBEIIa 
Barley SBEtIb 
RICaCE3 
RICESBE-1/97 
PSSBEIGEN 
STSBE 

TASBEI Oiibbar 
TASBEIOZ 
ZMSBEI 
RICBEl 
O PSSSEIIOI 



Pfjnte{j:24-08-1999 



BNSaoClD: <E1 9a30733704> 



cav F«eni«ry*) t998 IZCOom 



DRAW 



IftPRIKjlLGYNAVQIHalQEHSY Yt^ C Y H V T N 
VLPBIKFLGYNAVQIMAIQEHSYYAif'ijYHVTN 
VtPSIKrLSTNflVQIMAIQEHSYYASFCyHVTN 
VlPHlKflGYNAVOrMATOFHSYYHSFCVHVTM 



FFAPSSRFGTPEDIKSLI D|J* H E I C L 
FFAPSSRFGTPEOlKSLIOKAHELGl 
F F A P SSRFGTPEOlKSLl H E L C I 



V L P R 1 K 

V I P R I K 

V L P R 1 K 

V I. P R I K 

V L P R I K 



C L 



V L P R I 

V L P R I 

V I P » I 




VLMDVVHSHflSNNTlOGLNGfD 

V L M OfJ V H s hHs NMTLOGLNGFO 

V L M ofj V H S hH SNNT1.0GINGFD 
VLMOVVHSHASHMTlOCt (4GF0 




J. :> -* R H W L £ £ Y-.'K F 0 C f R F 0 CO T S M H Y T H H & I Q V T 'F T CQy yE YF&FAT0VDAVVY1.ML 
LSWAv'iWWlEEYlKfOGFRFOGVTSMHYTHHGL QCI TFTGMYf EYFG F, A T 0 V 0 A V V Y 1. M L 
LSNASrtWLEEr-KFDGFHFDGVTSMMYTHHGLQVTFTG N Yp EYFGFATDVDAVVYIML 
iSMASiV'iVI-EEYK.FOGFRFOGVTSMMYTHHGlOVTFTGr.' Cl! EYFGFaTDVOaVVYlMl 



R F D G V 

R F D G V 

R F 0 G V 

R F 0 gQ 

R F D G V 

R fQg V 

R F 0 G V 

R ^ D G V 

R F D & V 






HTLTNHRViJEKCyTYAESHDQALVGDKTISFVJLMOKDMYDFMAL im P 
HTITNRRW jEKCWTYfl'E SHOQflLVGOXTIAFWLMOKOMYOFMALORP 
HTLTNHRrt JekCVTyQe SHOQALyGOKTIAFVILMOKDMYOFMALORP 
HTlTNBR'/ilEXCVTVAESHOOAlVGDXTIflFrtlMD.KOMYDFMALORP 




.9 

..'JS 



ALHKMIRLITMGLGGEGYLNFMGNEF&HPE./IOFPRGPQ 
ALHKHIRLnTMGlGGEGYLNFMGMEFGHPEVJlDFPBGPQ 
A t H K M I R lUt MGLGGEGYLNFMGNEFGHPE.VIOFPRGPQ 
ALHKV. IRIITMGLGG EGYLNFMGMEFGHPE'ITDFPRGPO 




P&NNNSVOK.C K 
PGNNNSYOKC K 
P G N N M SQD K C R 
PGNMNSY0KC5 




AEQvnQNQQF I 
aEQv^Qn^Qf I 

BEEfHoBiBDi V 




W{ 



Osbell'UlL 
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PSSBHGEH 
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TAS8EUZ 
2KSSEI 
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Barley SBEIIa 
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Barley SSEIIa 
Barley SBEItb 
RICBCE3 
RXCESBE-ly^r 
PSSBEICEN 
STS8E 

TAS8EI Oiibbor 
TASBE1I)2 
2MSBEI 
RICBEl 
PSSBEIICN 
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■heat SB£XZ'2 (Nrtr) 
2MSBE2a 
ZMSBEZb 
Barl^ SBEZIa 
Barley SBEHb 
RICBCE3 
RXCESBE-1/S7 
PSSBEIGEN 
SrSBE 

TASBEI Oiibbor 
TAS8EU2 
2MSBEI 
UCBEl 
PSSBEnGN 

Osben-IALL 
Wheat SBEn-2 OMr) 
ZMS8E2a 
ZMSBEZb 
Barley SBEIIa 
Barley SBEXIb 
RIGSCE3 
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PSSBEIGEM 
SrSBE 

TASBEZ Ortbbor 

TASBEUZ 

2KSBEI 

RICBEl 

PSSEUOI 
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Wheat SBEU-Z OWO 

ZMSSEZa 

ZMSBEZb 

Barl^ SBEZIa 

Barley SBEIZb 

RICBCE3 
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PSSBEZrat 

STS8E 

TASBEI Oiibbar 
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TASBEIOZ 
G XQ ZNSBEZ 
G K I RZCBCl 



K K K flsbcn-lAU 

R heot SBEH-Z CHotr) 
ZMSBEZa 

ZMSBEZb 

Barley SBfclla 
Barlof SBEIZb 
RZCBCE3 
RZCESBE.1/97 
PSSBEI6EH 
SrSBE 

TASBQ Oiibbor 
TASBEI02 
2MSBEI 
RICBEl 
PSSBEnOI 
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HhMt SBSI-Z CNotr) 

ZMSBEZa 

ZMSBEZb 

Barley SBdla 

Barley SBEHb 

HI CBCE3 

RICESBE-V97 

PSSBEICSI 

STSBE 

TASBEI Ortbbar 

TASBEIOZ 

ZMSBEI 

RICBEl 

PSSBEirOI 
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68.8 


71.4 
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45.5 


44.4 
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85.7 


100.0 


79.2 
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TTTCATGG 
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iie^^^kie weight table. 



TCGACCTTCGA C T C C T C C 



30 



GTATGATTTCATGGCTCTG 
GTATCATTTCATCGCTCTG 
GTATGATTTCATGC cHc T G 
TGTATGATTTCATGCCTCTG 
T6TATGATTTCAT0GCTCTG 
TCTATCATTTCATGGCTCTG 




GGACCTTCCACHCC 
GGACCTTCCA cHc C T 
GGACCTTCCACHCCT 
C A C C T T CQa C T C C T 
cHc C T T cHa C T C C T 
C a C C T T cHa C T C C T 





T A T T C A T 

T A T T G A T 

A T T G A T 

A T T 6 A T 

A T T G A T 

A T T G A T 



C G T G G C ATA 



GCATTGCA T A A A 
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G r 6 
c r.G 

G T G 

G T C 

G T G 

G T G 



!A T A G C AQ 
A T A G C AO 
A T A G C aB 

ATA 
ATA 
ATA 



G C A 
G C A 
G C A| 
G C A 
G C A 
G C A 



70 



ATGATTAGGCTT6TCACCATGC G T T T A G G 
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T6CATAAAATGATTA 
T6CATAAAATGATTAG 
TGCATAAAATGATTAG 

T tQc ataaaatga tRa C G 
T tHc ataaaatga tHa G G 
t tQc ataaaatga tHa g g 
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S4.seq 

Bie.seq 

AZ.seq 

Bl.seq 

SU.seq 

Majority 



ATGGGTTTAGG BZ.seq 
ATGGGTTTAGG B4.seq 
A T G G G tQ T a G G BU.seq 
CATGCGTTTAGG AZ.seq 
CATGGGTTTAGG Bl.seq 
CATGGGTTTACC SU.seq 



TGCAGAGGGTTATCTTAACTTTATCGCAAATGAGTTTGCGCATCCTGAAT Majority 
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G G 
G G 
G G 
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T T A 

T A 
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TCTTAACTTTA 
TCTTAACTTTA 



C A 
C A 



A T 
A T 



TCTTAACTT 
TATCTTAACTT 
TATCTTAACTT 



ATGGGAAATGA 



T T 

T T 

T T 

T T 



T- 
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GGGCATCCTGAAT B2.s«q 

GGCCATCCTGAAT 84.seq 

GGGCATCCTGAAT B10.seq 
C T G A A 
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GGATAGATTTTCCAAGAGGCCCACAAGTTCTTCC A 
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G G A T A G A 

G G A T A G A 

G G A T A G A 

G G A T A G A 

G G A T A G A 

G G A T A G A 
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G G G 

ATGC6AAATGA6TTTGGGCATCCTGAAT Bl.seq 
ATGCGAAATGAGTTTGGGCATCCTGAAT SU.seq 

ACT6GTAAGTTTCTC Majority 
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TTTCCAAGAGGCCCACAAGT 
TTTCCAAGA6GCCCACAAGT 
TTTCCAAGAGGCCCACAAGT 
TTTCCAAGAG CQC cQc A A 
TTTCCAAGAGGCCCACAA 
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TTTTCCAAGAG GDC CQC A aI 



C T T C C A A| 
C T T C C A A 
C T T C C A a] 
TCTTCCAA 
TCTTCCAA 
TCTTCCAA 
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HTCGTAACTT 
CT6GTAAGTT 
Ht C G T A A GT T 

cyG gHa a^Rt t c t c 
eye GH A a^Rt t c t c 
cBg gH a a^Bt t c t c 



T C BZ.seq 
T C 84.seq 
SlO.seq 
AZ.seq 
Bl.seq 
SU.seq 



CCTGGAAA 
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51 
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3S1 
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A A C A AHA 
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A G T T A 
G T T A 
TAACAATAGTTAT 
TAACAATAGTTAT 
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AAATGCCGTCC 
AAATCCCGTCC 
AAATGCCGTCC 
TAAATGCC gQc G T 
TAAATGCC gQcQt 
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GATTTGATCTTGG Majority 
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AGATTTGA 

aQa T t t g a 
agatttga 

AGATTTGA 
AGATTTGA 



aacaatagttatgataaatgccgHcctagatttca 




CAGGACTTT 
T 

290 



GAT C A G G C A A 
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TGCAGCATCTTCAGGAAAAATAT 
TGCAGCATCTTGAGGAAAAATATCG 
TGCACCATCTTGAGGAAAAATATGC 
TGCAGCATCTTGAGGAAAAATATCG 
GCAGCATCTTGAGGAAAAATATGG 
GCAGCATCTTGA6GAAAAATATGGCTTTA 



T 
T 



TTTATGACATC 
TTTAT6ACATC 
TTTATGACATC 
TTTATGACATC 
TTTATGACATC 
T G A 



CAT 




C A C C A G T aQ BZ.seq 
C A C C A G T aQ B4.seq 
C A C C A G T AQ B10.seq 
CACCAGTAT AZ.seq 
CACCAGTAT Bl.seq 
C C A G T A T Bll.seq 



GTTTCTC 



G THT C T C 
G tBt C T C 



G G A A 
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A CATGAGGAAGATAAG 
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GTGA 
r 
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TCGTGTTTGAAAG 
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TGTTTGAAA 



C G A A A C aQG AGGAAGATAAGG T G A T C G 

gcaaacatgaggaagataaggtgatcgtgtttgaaa 
gtttctcggaaacatgaggaagataaggtgatcctgtttgaaa 

GTTTCQCGGAAACATGAGGAAGATAAGGTGAT cQtQt tQg AAA 

GGAAGATAAGGTGAT cBtBt tBc AAA 
GAAGATAAGGTGAT cBtBt tBg AAA 



A G G G G A Majority 
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G T T T C 
C T T T C 



CGGAAACATGA 
CGGAAACATGA 
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TTTGCTATTTCT 
— - ■ I I 

TrcGTArTTcr 

TTGCTATTTCr 
TTGCTATTTCr 
T T G G T A T T 
TTGCTATTT6T 
TTGCTATTTCT 



T TTCAACTT 
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C TCGACTAATACCTTTTT T G 
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TTCAACTTCCACTGCACT 
TTCAACTTCCACTGGAGT 

ttcaacttccactgcact 
ttcaacttccacQggac 
ttcaacttccactgga 
tcaacttccactggag 
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A A T A C C T 

A A T A C C T 

aQt a G C T 

A A T A C C T 

A A T A G C T 

A A T A C C T 
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Qt t tQgQc 
Qt r tQg a c 

tttttgac 
tttttgac 
tttttgac 
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C C T G C A 
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C T C T T T C 



T A G G 



CT6CATTTGC 

GCATTT6GTAGG 



c»tM|;»6ACTCTTTGGTuu«i 1 1 u v • m 
GCTGGACTCTTTGCTGGATTTGGTAGG 
gQ^Qa CTCTTTGCTGGAT t^gQ' 
gHIP^iQa ctctttggtggat t^QgQ. 

gDt gQa ctct'ttggtggat tQBgB - _ _ 

aacaggccgcattctttctcggtgtac 
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G A g| 
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ACGCTT6A 

TCATCATG 
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A T C A T G 



T G T C G a| 
T G T C C a| 
T G T C G Al 



82. seq 



T A C T T Bl.seq 
T A C T T BU.seq 



C ACTTC 



T GAC T G 
■ ■ ' I 



TCCGCATGAC 
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CACTTCTG 
CACTTCTGACTC 
TTCTGACT 



C A 

C A C 

C A C 

C A C 



ScQ 
CD 
cD 



G A 
G A 
G A 




i c a t g a c a a c a g g 
icatgacaacagg 

|c atcacaacagg 

ccgcatgacaacaggccgc 
ccgcat6acaacaggccgca 
tccgcatgacaaQaggccgc 



C CH C A T T CHT T C T C| 

c cH c A t t cHt T C T C| 

C cB C AT T cH T T C T c] 

C C G cEDt CTTTCTC&CiT<iiA(.« A^.seq 

~ TCTTTCTCGGTGTACA Bl.seq 

T C T T T C tB GGTGTACA Bll.seq 



G T G T A C A BZ.seq 
G T G T A C A B4.seq 
G T G T A C A Bld.seq 
GGTGTACA AZ.seq 
" ' " Bl.seq 



C T C C 



T A G C A G A 

I 



6ie 

-L. 



CTCCTAGCAGAA 
CTCCTAGCAGAAC 
TAGCACAAC 



C T C C 

C T C C 

C T C C 

C T C C 



A G X A G A A 
A G'C A G A A C T 
G A 



T A G C A 




T G T A T G CTCTTATGGAGTAAGCACCAA 

I I 
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TGCAGCATACCC-TC 





t A T G C T 

T A T G C T 

T A T G C T 
G T G T A T G 
G T 6 T A T G 

T 6 T A T G C 



C-CGCTGTTGTT6CTA 



6_A6_ATJC_ Majority 
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C T 6 T T G T 

C T 6 T T 6 T 

C T G T T 6 T 

T T 6 T 

T T G T 

T T G T 




T A G C A A G 

T A G C A A G 

' T A G C A A 

■ G C A A 

G C A A 

G C A A 




GTA-GGTCACTACA 




CCAGGTGCA6GGTTTC 
I 



730 



ATATGGATTTTT 
740 



GCTTCA Mojortty 



CCAGGTGCA 
CCAGGTGCA 
CCA 6 GTGC A 

CCA gBIBH* 

CCA G^^^B A 

C C A G 





C 6 A f T t t TDG C T tB* BZ.seq 
G gBt TTTT-GCT tBa B4.seq 
G G A T TTTT - G C T tBa 310.seq 
G G A tBBB-B<^B''' ^ A A2.seq 
G G A T^^^H-BcBt G a Bl.seq 
G G A tBBEH-BDO''' <• A BU.seq 



Majority 




Dfym 



Page 2 



Ijnment Report o< Unwled. using Ctustal method with Weighti 
l esday. Febmary 10. 1998 12:«2 ptti 




BZ.sec) 

B^.seq 

BlA.seq 

AZ.seq 

Sl.seq 

Bll.seq 



GTTTTTGTACATT-TTTTTGATACTTAATAGACT-TATTGCTCGTGTGCT 
1 ' 1 1 1 I 



Morjori-ty 



1010 



1020 



l« QQt t t t g t a 

Il3 ^Rt t t t g t a 

|l9 HHt T T T G T a 

|i0 Q tRt ttgtacat 



l)Z GTTTTTGTACAT 
|l2 GTTTTTGTACAT 




T T T T T G A 
T T T T T G A 
T T T G A 



ATA 
ATA 
ATA 



1030 



1040 




A G T T aBDBG act 

A C T T A A T A C ACT 
A G T T A 



10S0 

T BZ.seq 
T B4.seq 
T 819. seq 
G C T AZ.sed 
6 C T Bl.seq 
G C T Bll.seq 



-TTTACATCAACAT-ATAAATA 



AT Majority 




Majority 



BZ.seq 

B4..seq 

819. set] 

AZ.seq 

Bl.seq 

BU.seq 



ecoratiort 'Oecorotion Shade (yiith solid block) residues that differ from the Consensus. 



luence pair distances f AGSBPs, using CI 
iSday. February 10. 1998 12:44 pm 



ethod with Weighted residu weight tabli 



DRAW 
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Perc nt Similarity 





1 


2 


3 


4 


5 


6 






1 




91.0 


94.4 


59,0 


60.0 


59.5 


1 


B2.S q 


2 


4.5 




89.2 


58.8 


59.9 


59.6 


2 


B4.S q 


3 


2.4 


4.6 




59.3 


59.6 


59.8 


3 


BlO.seq 


4 


32.S 


32.3 


34.3 




95.5 


9S.7 


4 


A2.s!eq 


5 


30.5 


29i7 


32.0 


2.1 




96.8 


5 


B1.seq 


6 


31.6 


30.9 


32.6 


2.4 


2.7 




6 


B1 1 .seq 




1 


2 


3 


4 


5 


6 







TT"! '''^titled, using Clustal method with PAM250 cig5kJij.aj«c^ieihu?W« 

JQvC^^I^ 'B 4:09 pm EP^B^T^^.Q 




lib. pro 



M Y D F M A L D R p S T P T I I^^G I jC'X^yCT^T TL I T M 

M Y D F M A L P S T P 0 I lALHKMlRLITM Bi 

MYDFMALDRPSTPHI I^T G IALHKMIRlBItM B3»ro 

MYDFMALDRPST pHi DRGIALHKMIR M Maizella.pro 

GLGGEGYLNFMGNEFGHPEWIDFPRGPQRL Maizellb.pro 
GLGGEGYLNFMGNEFGHPEWIDFPRG PoDl B6 pro 

glggegylnfmgnefghpewidfprgpqHl Bli pro 

GLGGEGYLNFMGNEFGHPEWIDFPRGPqHl Ma^zella pro 



DRAW 




PG nnnsydkcrrrfdlgd a d y L R y 

P G nHn SYDKCRRRFDLGD aISMt. r y 

pgnnnsydkcrrrfdlgd a DHL r y 

P G N N N SHO KCRRRFDLGDADYLRY 



Maizellb.pro 
B6 .pro 
Bll.pro 
Maizella.pro 



H G M Q E F D Q a M Q H L E Q K Y E F MTSDHQYISRK Maizellb.pro 



H 



I^fdqamqhle 
efdqamqhle 

E 



F D 



H 


E 


E 


D 


K 


V 


I 


V 


F 


H 


E 


E 


D 


K 


V 


I 


V 


F 


H 


E 


E 


D 


K 


V 


I 


T 


|f 


H 


E 


E 


D 


K 


V 


I 


T 


F 


I 


G 


C 


R 


K 


P 


G 


V 


Y 


V 


G 


C 


L 


K 


P 


G 


K 


y 


V 


G 


c 


S 


K 


P 


G 


K 


Y 


V 


G 


c 


p 


K 


P 


G, 


rx 


Y 



K G D L V F V 
\g D L V F V 



L V F V F N 





S R K 36. pro 
S R K Bll'pro 
S R K Maizella.pro 

Y R Maizellb.pro 

Y R BS.pro 
Bll.pro 
Maizella . pro 



F D Y R 
F D Y R 



F 
F 
F 
F 



FSR I HHAA Maizellb.pro 

F~ 

F 
F 



S 
S 




B6 .pro 
Bll.pro 
Maizella.pro 



E H F TAD C S H D N R P Y S FSVYTPSRTCVVYAP Maizellb pro 
EH F t Hd CIB H DNRPraSFSVYTPSRTCVVYAP 

■*^F T liifca« Ja R dnrpHs fHvy t p s rtEIvvy aH 

EHF T AD^Hh D N R pQs F S V yHp S R T| 



B6.pro 
Bll.pro 
|V V Y A P Maizella.pro 



VB 




■ 


M - 






T - 


m vv 




A G 


A S D E 





Maizellb.pro 
B6.pro 
Bll.pro 
Maizella.pro 



;orat:ion 'Decoration #1': Shade {with solid black) residues that 
:fer from Maizellb.pro. 



Prjmed:24'08-1999 
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IO^Q9kl99^ 38 4:03 pm , EF9a307337.0 
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p rcent Similarity 
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i 3 i 4 1 




1 ^ 






88.7 


181.7 ISS.O 1 
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1 Maizellb.pro 


2 


10.8 




1 82.2 1 82.6 i 
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1 B6.pro 


3 


17.9 


17.S 


86.9 1 


3 


1 BlLpro 
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14.6 


17.0 


[12.7 IH^ 


4 


1 Maizella.pro 




1 


2 


1 3 i 4 1 







1998 3:39 pm 
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ID 



20 



30 



40 



50 



6D 



JUL 



I t ■ I I I I t I I t » 1 I I I I I ■■ I I I I I I I I I 1 I I I I t I I I I I i I I I I I I I I I I r I I r I 



Ing^ACAQCA AQGIQCAGCA CGCiL?riG?iT QCI5^GI303^ AGAAAAMTG 60 

|o3GICAAT ACAGCCS^GGT GCSi^GGTrm M^SGGftTIT TITCCTICZ^ aSSGICCIGG 020 
|caGA(2AAGA CAACAIGMG TIGIGGOGflG TCCTCOZAAT COOCaGQGOG TIGIGAAGAA 180 
loVIQCICA TCIGTCrriAT GAl'iTJiAIGG ArCftOOGAOG AAACTIGCXX: CAAMCACXXA 240 
Ise UlLUriA i^VICrriGIG GCOG?IAAftCC Ai'iGL'liASIG 'ICCTCn3^Z\AT IGZO^i'i'iA 300 

310 320 330 340 350 360 
l i I I 1 I I » I i 1 1 I ■ t ■ I I ■ I I 1 1 ■ I < I t I I — I I I I i I I I I I — t I i I I I 1 1 1 1 — I 1 1 I I 1 I I I I 



I^AGCZVGiaS TmCIOG 378 



TIGftCAGfrm GACmaiTC CTCAAMAAT 360 



la^bS i^iP ' ®®® ^'^^ 'EP^nmi^^^l draw ' 



ID 



20 



30 



40 



. 1 1 



1 1 1 



, > . . 



I I I M I i I I 



I I I 



50 



€0 



JUL. 



lilt 



::m?€PGC AAftG?IQCftQC AaaoaOJCQC GCXaCIGTIGT 'iUL'iJAGMC AAGAAAAATC 60 
AIOGICAA TACAACTAGG TSCAAGGITr AATAAGGATT TITOCTICAA QGAGflCCTQG 120 
AGACAAGA. CAACAIGAIG TIGTCCTCIG 1GCICCCAAT CCCCAGGG2Q3 TIGIGAAGAA. 180 

cftiQCTCA. Trrcromr tttaiggaic AOOGAXicsAA ccraxxxaA AXAaxmr 240 
nrriGAA. AOGXGGAm; Ga:cm3C3ix iciacMxiG gaigocicct taaaixtitg 300 

31D 320 330 340 350 360 



' ■ ' ■ ■ 



I I I I I I I t I t i I I I I I I t f I I I I t t t t » I t I « ' ■ ' I ' « i I I I t I I I I i I I I 



GC^JaAA CCMTOCIAG TCICCTKT?^ ATnSO^GTT TAGAATAGXG GTIXIACTTr 360 
im'iTiXT TTTIGACAGT TAGACIGEAT TCCICAAAIA. ATQGACATCT TCTXTACTCG 420 
GXIGAGAA. ATAAAAICAG iOOTCXAG 449 



: .^•^^wrt^^H*^/,v^rtV.f.^w^^v*^v*VA^^w■v.^^r.^^y■^*^. 



'i^l^^t^^^^''' "'^^^ 3:40 pm 



ID 



20 



50 



60 



Mill 



JUL 



J I I M i I M I I I I I I i tJ I, J I LI. .1.1 i ' ' « ■ I ■ ' ■ ' I I 1 I I I I I I t I 



riAAACaGC AASGOISCaGC MS^OaCMGC ACGCIGTIGT TGCm^CMJT AGC^AGAAAA €0 
i^JTGmiGG TCSy^IftCAftC C^GGIGCZ^ GiTi^AM3^ QbUTiTiUCr ICAACXaGTC 120 
IGSOS^CaC AftGACAAC?^ GAIGftlGTGC ICIGTCCICC C3^Z^MTOXA GGOaSTIGXG 180 
^GAAAACAT GCICMICIGT GITftlCAaTr Tfta?QGATCAG XGEXGGAAACX: ICCXTCAAAT 240 
XCA3X3C!Cr CCTTftAACIT TTCIGCTOCT AAACX3^3X3GC TACIMCCTC TAAAITOGCA. 300 

310 320 330 340 350 360 



! I I t r I 



1 



' I ' ' ' ' 1 1 I I I 1 I I i t I I t I I I I t III ' « ■ ' I ' ' ■ « 1 I t I I I I ■ I I 1 



ImaGCSVm. GAGGTmaC 'i'lTiUilAAAT Ti'i'iTi'lUAC AGTmMDO^ CICiaTICCT 360 
|?\AMjyvnG ACmUlLXJiT mS^AGAAGA TGAGAAM3A AA3CAGQGAT IGAAGAATCC 420 
li^AAAGCr 428 



Printeci:24-08'1999 
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Untitled, using Clustal method with W ight<~ 
398 3:37 pm 



EP9$307337,0 




aactaacag 
a Hc t a a c a G 

A BteglA A C A G 

G 



GCGCTGTTGTTGCTAG- 
GCGCTGTTGTTGCTAG- 
HC G C T^T TGTTGCTAG 

tHg t t g c tBg 




DFIAWi 



- T A G C 

- T A G C 
T_A.G C 

G C 



A A G A A A A 
A A G A A A A 
A_A_G A A A A 
A 



• seq 
seg 
B4-3 • . seq 
ZMSBE2b-3 ' . seq 

BlO-3' .seq 
B2-3 ' . seq 
B4-3 ' . seq 
ZMSBE2Jb-3 • . seq 



A-TCGTATGGTCAATACAACCAGGTGCAAG BlO-3 • . seq 

A - T C G T aHg GTCAATAC aQc CAGGTGCAAG B2-3 ' .seq 

ftElTgGTATGG TCAATA C AAC CAGQTG CA AG B4-3'.seq 

g-BQG tQ[t G GBHBB^B<=BBEicBGEiT gQQa G ZMSBE2b-3 ■ . seg 



GTTTAATAAGGATTTTT-GCTTCAACGAGT BlO-3 ' . seq 
GTTTAATAAGGATTTTTHgCTTCAACGAGT B2-3 ' . seq 
G TTTAAT A A GGHtT T T T - G C T T C A A C G A G T B4-3 ' .seq 
g1B9BHBB|a A fJ A fMBl T tQQBB'^BI<^ ^ aBBaQB ZMSBE2b-3 ' .seq 



CCTGGATAGACAAGACAACATGATGTTGTG BlO-3 * . seq 

CCTGGATAGACAAGACAACATGATGTTGTG B2-3 ' . seq 

C^T G GAT A G A CAAGACAA C A T G AT gHt G T G B4-3 ' .seq 

Ifi faW A G aBHBHBBBBIc a T gBHHHBBt G ZMSBE2b-3 ■ . seq 

C T_ GTGTGCTCCCAA-TCCCCAGGGNGTTGT BlO-3 ' . seq 
KBglG TGTGCTCCCAA-TCCCCAGGgHgtTGT B2-3 ' . seq 
C TMT G T G C T C C CA aHtHc C'C A G G gHgTTGEI B4-3'.seq 

cBHHB'^ ^ c tBUcBB^EI^BHBB-^Bg gQEHBBH zMSBE2b-3 ■ . seq 



GAAGAAAACATGCTCATCTGTGTTAT 
G A A G AAAACATGCTCATCTGTGTTAT 
n iaKlG AAAACATGCTCA T c t g^^^^^a t 
~~~ IT c "i- gBSBIa'T 




- T BlO-3 ' . seq 

T B2-3 ' . seq 

T B4-3 ' . seq 

T 2MSBE2b-3 ' . seq 



TTATGGATCAGGGANGAAACCTCCCCCAAA BlO-3 ' . seq 

TTATGGATCA gHg aH g AAACHt C C C.. CCAAA B2-3 ' .seq 

T T A TGG A T C A G Bl G BB G AAACCTCCC C_ C A A_ A B4-3 ' .seq 

T T aBBBa T C ^BBBIBHBBBBHEBBHBHBBB a ZllSBE2b-3' .seq 



N A C C C C TTTTTTTTTTGAAAGGNGGATAGG BlO-3 ' . seg 



Qa ( 
Ha ( 

W 




A C C C 
A C C C 

lC 



A ra c c c fMa G c a 




B2-3 ' . seq 
B4-3 ' . seq 
ZMSBE2b-3 ' . seq 



C C CCCGGTNTCTGCATNTG G a TGCCTCCTT BlO-3' .seq 

I ATGCCTCCTT B2-3 ' . seq 

[a T G C C T C C T T B4-3 ' . seq 

I r ^^^^^M T K^a C T G C la T ■p^^^^mBI T H C C T cQQt ZMSBE2b-3 ' . seq 




AAATNTTTGTAGCCATAAACCATTGCTAGT BlO-3 ' .seq 
A A A tHt TTGtHgCCHtAAACCATTGCTAGT B2-3' .seq 
A AaBBtT T G t HgHcH t a a a C C a tHg C T aHt B4-3' .seq 
aBBBBBB'^B^ MBHSr^'j^ A aBBBBBBBBHEBBI ZMSBE2b-3' .seq 

GTCCTNTAAATTGACAGTTTAGAATAGNGG BlO-3 ' . seq 
G T C C tHt AAATTGACAGTTTA gB*^ ^ *^H^ ^ B2-3' .seq 
Ht C C tHt A A AT T GflCAGITT A gHa T A gHg G B4-3' .seq 
gBc C t BBI a aBB*^ gBc aB*^ tBaQQa T a gB^^B ZMSBE2b-3' .seq 



TTNTACTT 

t tHt a c t t 

T t Bt ac t T 

t tBSBQIt t 



tgtatttt 

T G T A tB^ 
T G T A^^St T 

t 



tgacagtt 
tgacagtt 
tgacagtt 



A G A C 

A G A C 

aB^Bg a c 




BlO-3 ' . seq 
B2-3 ' . seq 
B4-3 ' . seq 
ZMSBE2b-3 ' . seq 

BlO-3 • . seq 
B2-3 • . seq 
B4-3 • . seq 
2MSBE2b-3 ' . seg 



-•^l^^U"***'®**' " Clustal method with W ight( eoo™^;^^'^* '-T^l • 



9 GTTGTTTACTCGAA 

7 G t Hg T T T a C T c gI 
5 gtHHt t t a c OHg_a a 
9 BWmigbIt tHcI 



gagaaataaaatc 
gagaaataaaa t c 



:3 ' . seq 

seq 
• .seq 
ZMSBE2b-3 ' . seq 



9 AGAGATTGNAG] 
8 

5 A GI 
6 



AATCCCAAAAGCT 
-----------CT 



BlO-3 ' . seq 
B2-3 ' . seq 
B4-3 • . seq 
ZMSBE2b-3 ' . seq 



jcoration 'Decoration #1': Shade (with, solid black) residues that differ 
fom BlO-3 ' . seq. 



Primed:24-08-1999 



IS 



:.*«i«-->ces of untitled, using Clustal tnethod with '^^l^i«il~"A''<9frt table. 



Percent Similarity 




m 



BlO-3'.s q 
B2-3'.s q 
B4-3'.Seq 
ZMSBE2b-3'.s q 



■2. -Z -Z 

K> Kt 

> w s 

>J K» nJ 

55 a > 




^1 



Primect:24-08^1999 

BNS(X]CID:<E1 9830733704> 



DRAW 



z z z 

lv» K» N» 

> C3 c; 

^ -J ^ 

si K» s> 

s c? ^ 



.«9; 



^^p»^iP998 4:18 pm ^J'77f^T^Y7, — ^Zl-, 

>eH-1ALL Map (1 > 2307) Site and Sequence "T \. <^ ^^S^ i 

izymes : 17 of 480 enzymes (Rtterl^^ 

ttings: Linear. C rtain Sites Only. Standard Genetic Cod 



ATYGACGGCCAGTGACTTCGAGCTCGGTACCCGGGGATCCGATTTGGTGTGTGGGAGATGTTCTTGCCAAACAATGCAGATGGTTCGCC 90 
I OGQ. LRARYPGIRFGVWEM.FLPNNAOGSP 

CCAATTCCTCACGGCTCACGGGTGAAGGTGAGAATGGATACrCCATCTGGGATAAAGGATTCAATTCCTGCTTGGATCAAGTACTCCGT ISO 
PIPHGSRVKVRMDTPSG IKOSIPAWIKYSV 

CAGACTCCA6GAGATATACCATACAATGGAATATATTATGATCCTCCCGAAGAGGAGAAGTATGTATTCAAGCATCCTCAACCTAAACG 270 
QTPGQ IPYNGIYYOPPEEEKYVFKHPQPKR 

CCAAAATCATTGCGGATATATGAAACACATGTTGGCATGAGTAGCCCGGAACCAAAGATCAACACATATGCAAACTTCAGGGATGAGGT 360 
PKSLRIYETHVGMSSPEPK INTYANFROEV 

CTTCCAAGAATTAAAAGACTTGGATACAATGCAGTGCAAATAATGGCAATCCAGGAGCACTCATACTATGGAAGCTTTGGGTACCATGT 450 
LPR I KRLGYNAVQI MA I QEHSYYGSFGYHV 

■ACCAATTTCTTTGCACCAAGTAGCCGTTTTGGGTCCCCAGAAGATTTAAAATCTTTGATTGATAGAGCTCACGAGCTTGGCTTGGTTGT 540 
TNFFAPSSRFGSPEDLKSL 1 DRAHELGLVV 

:CTCATGGATGTTGTTCACAGTCACGCGTCAAATAATACCTTGGACGGGTTGAATGGTTTTGATGGCACGGATACACATTACTTCCATGG 630 
LMOVVHSHASNNTLOGLNGFDGTDTHYFHG 

GGTTCACGGGGCCATCACTGGATGTGGGATTCCCGTGTGTTTAACTATGGGAATAAGGAAGTTATAAGGTTTCTACTTTCCAATGCAAG 720 
GSRGHHWMWDSRVFNYGNKEV IRFLLSNAR 

kTGGTGGCTAGAGGAGTATAAGTTTGATGGTTTCCGATTCGATGGCGCGACCTCCATGATGTATACCCATCATGGATTACAAGTAACCTT 810 
WWLEEYKFOGFRFDGATSMMYTHHGLQVTF 

rACAGGAAGCTACCATGAATATTTTGGCTTTGCCACTGATGTAGATGCGGTCGTTTACTTGATGCTGATGAATGATCTAATTCATGGGTT 900 
TGSYHEYFGFATOVOAV V YUMLMNDLIHGF 

rTATCCTGAAGCCGTAACTATCGGTGAAGATGTTAGTGGAATGCCTACATTTGCCCTTCCTGTTCAAGTTGGTGGGGTTGGTTTTGACTA 990 

YPEAVTI GEOVSGMPTFALPVQVGGVGFDY 
rCGCTTACATATGGCTGTTGCCGACAAATGGATTGAACTTCTCAAAGGAAACGATGAAGCTTGGGAGATGGGTAATATTGTGCACACACT 1080 

RLHMAVADKWIELLKGNDEAWEMGNIVHTL 
XACAAACAGAAGGTGGCCGGAAAAGTGTGTTACTTATGCTGAAAGTCACGATCAAGCACTGGTTGGAGACAAGACTATTGCATTCTGGTT 1 170 

TNRRWPEKCVTYAESHDQALVG O KTIArWL 
3ATGGACAAGGATATGTATGATTTCATGGCTCTGAACGGACCTTCGACACCTAGTATTGATCGTG6AATAGCACTGCATAAAATGATTAG 1260 

MOKDMYOFMALNGPSTPS lORGIALHKMIR 
ACTTATCACAATGGGTTTAGGAGGAGAGGGTTATCTTAACTTTATGGGAAATGAGTTCGGGCATCCTGAATGGATAGACTTTCCAAGAGG 1350 

LITMGLGGEGYLNFMGNEFGHPEWIOFPRG 
CCCACAAGTACTTCCAACTGGTAAGTTCATCCCAGGAAACAACAACAGTTACGACAAATGCCGTCGAAGATTTGACCAGGGTGATGCAGA 1440 

PQVLPTGKFiPGNNNSYDKCRRRFOQGOAE 
ATTTCTTAGGTATCATGGTATGCAGCAGTTTGATCAGGCGATGCAGCATCTTGAGGAAAAATATGGCTTTATGACATCAGACCACCAGTA 1530 

FLRYHGMQQFOQAMQHLEEKYGFMTSDHQY 
CGTATCTCGGAAACATGAGGAAGATAAGGTGATCGTGTTTGAAAAAGGGGACTTGGTATTTGTGTTCAACTTCCACTGGAGTAATAGCTA 1620 

VSRKHEEOKVIVFEKGDLVFVFNFHWSNSY 



BNSDOCID:<E1 88307337M> 



1^0^199^1998 4:18 pm 
ell-lAix Map (1 > 2307^ She and Sequem 



DRAW 



TTCGACTACCGGGTTGGCTGTTTAAAGCCTGGGAAGTACAAGGTTGTCTTAGACTCAGACGCCGGACTCTTTGGTGGATTTGGTAGGAT 1710 

FOYRVGCLKPGKYK VVLOSDAGLFGGFGR I 
CATCACACTGCAGAGCACTTCACTTCTGACTGCCAACATGACAACAGGCCCCATTCGTTCTCAGTGTACACTCCTAGCAGAACCTGTGf 1800 

HHTAEHFTSOCQHONRPHSFSV YTPSRTCV 
GTCTATGCTCCAATGAACTAAACAGCAAAGTGCAGCATACGCATGCACGCTGTTGTTGCTAGCACTAGCAAGAAAAAATCGTATGGTCA 1890 

VYAPMM. TAKCSIRMHAVVASTSKKKSYGQ 
TACAACCAGGTGCAAGGTTTAATAAGGGTTTGCTTCAACGAGTCCTGGATAGACAAGACAACATGATGATGTGCTCTGTGCTCCCAAAT 1980 
YNQVQGLIRVCFNESWIDKTT. CALCSQI 

CCCAGGGCGTTGTGGAGAAAAAATGCTCATCTGTGTTATTTTATGGATCAGGGANGAAACCTCCCCCAAANACCCCTTTTTTTTTTGAA 2070 
PRALWRKNAHLCYFMOQG-^NLPQ'PLFFLK 

.GGNGGATAGGCCCCCGGTNTCTGCATNTGGATGCCTCCTTAAATNTTTGTAGCCATAAACCATTGCTAGTGTCCTNTAAATTGACAGTT 2160 
GG. APG?C''WI1PP. 7FVAINHC. CP'N. OF 

■AG;!^^I^GNGGTTNTACTTTTGTATTTTNTTTTTGACA"GTTAGACTGTATTCCTCAAATAATCGACATGTTGTTTACTCGAAGNT6AGAA 2250 
R[?V7LLYF'?FDS. TVFLK. STCCLLE^EK 

\ TAAA ATCAGAGATTGNAGNA AAAAAAA AAAAAAAAAAAAAAA AAA AAAA AAAAAAA 2307 
NaRL'?7KKlCKKKKKKKKN 



-•^ ■ — ^ ^ ■■ using Clustal method with PAM250 
sday. Fetifuary 10. t99S 1 1:27 am 
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W P R K 
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TAS8EI Oiibbar 

V L sQa a sQBk V L V P oQe S 0 D LBsaiQQi eBQ IPEOIEEQ^AEVNM^GG^A !^S^SBEli-Z CMoiO 



AKSKSSVPVXAXXXXIXATXXXGVX X L P 
' 1 

120 



110 



BBP raHp H sHtH R G H kII aHMt g y Hs dIT 
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